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WAVIi  CLlMVn;  at  shltcttd  locations  along  u.s.  coasts 

by 

Eduard  F.  Tnompson 
I.  INTRODUCTION 

In  support  of  its  mission  to  conduct  research  on  coastal  phenomena  of 
engineering  importance,  the  Coastal  Engineering  Research  Center  (CLRC) 
and  its  predecessor,  tlie  Beach  Erosion  Board  (BEB)  have  operated  wave 
gages  in  the  nearshore  environment  for  more  than  25  years.  Tlie  results 
of  this  effort  provide  the  coastal  researdier  and  the  coastal  engineer 
with  important  data  on  waves  arriving  at  U,S.  coasts  in  response  to  a 
variety  of  meteorological  conditions;  however,  an  equally  important 
result  is  the  specification  of  the  annual  and  seasonal  significant  wave 
height  and  period  climate  at  various  coastal  locations. 

Knowledge  of  the  ocean  wave  climate  is  important  for  planning  coastal 
operations,  estimating  coastal  sediment  movement,  designing  coastal  struc 
tures,  and  for  other  applications.  However,  because  recording  and  analyz 
ing  reliable  wave  climate  data  are  expensive  and  time  consuming,  there  is 
a paucity  of  field  wave  data,  Tlius,  the  primary  purpose  of  this  report 
is  to  present  summaries  of  significant  heights  and  periods  from  tlie  BEB- 
CERC  field  wave-gaging  program  a<‘  the  19  locations  shown  in  Figure  1. 

A secondary  purpose  is  to  provide  details  and  a perspective  on  tlie  vari- 
ous wave  measurement,  recording,  and  analysis  systems  ased  by  BEB-CERC. 
Similar  wave-gaging  programs  are  ongoing  in  shallow  water  along  the 
southern  California  coast  (Seymour,  et  al.,  1976)  and  in  deep  water 
along  Canadian  coasts  (Wilson  and  Baird,  1972). 

Although  ttiere  is  presently  no  suital)le  substitute  for  accurate  near- 
shore wave  measurements,  data  obtained  from  the  gages  must  be  carefully 
interpreted.  Tlie  waves  being  measured  must  be  considered:  Are  the  waves 

bre;iking  or  have  they  already  broken?  For  surface  gages,  arc  these  deep- 
water waves  not  yet  affected  by  refraction  and  shoaling?  These  questions 
are  discussed  in  Section  II. 

;\side  from  the  variability  of  the  waves  being  measured,  the  ability 
of  the  wave  recording  and  analysis  system  to  translate  the  waves  in 
nature  into  accurate  and  useful  results  must  be  evaluated.  Several 
important  problems  in  the  BEB-CERC  system  were  probably  unavoidalile  in 
a wave  recording  and  analysis  system  under  development  for  two  decades. 
Different  gage  types,  recording  schemes,  and  methods  for  analyzing  wave 
records  have  been  used.  Also,  many  gaps  exist  in  the  recording  sequences 
Each  of  these  factors  can  introduce  biases  in  the  summarized  data. 

lliree  basic  wave  gages  have  been  used  in  the  BEB-CERC  wave  data 
collection  program:  Two  staff  gages  (the  step-resistance  gage  and  the 
continuous-wire  gage)  and  an  underwater  pressure-sensitive  gage.  Tlie 
gages  and  the  wave  recording  schemes  used  are  discussed  in  Section  III. 
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Data  recording;  and  analysis  teciiniqucs  are  disciissed  in  Sections  IV, 
V,  and  '.'1.  Section  IV  discusses  the  different  methods  used  by  CiiRC  for 
analy::ing  pen  and  ink  records;  Section  V discusses  the  recording  and 
spectral  analysis  of  CliRC's  digital  wave  records  on  magnetic  tape.  In 
Section  VI,  significant  wave  heights  and  periods  obtained  from  pen  and 
ink  records  are  compared  with  results  from  digital  records. 

ihe  dependence  of  annual  wave  summaries  on  data  analysis  tediniques 
and  coastal  location  is  described  in  Section  Vll. 

iiie  contents  and  format  of  the  summaries  of  significant  wave  height 
and  period  are  explained  in  Appendix  A.  Most  summarized  data  were 
obtained  with  staff  gages  ranging  from  4.6  to  13.7  meters  (15  to  45  feet) 
in  lengtli  and  mounted  on  or  near  the  seaward  end  of  a pier.  Ttie  ocean 
bottom  at  the  gages  ranged  from  4 to  30  meters  (13  to  100  feet)  below 
mean  sea  level  (MSL);  however,  none  of  the  shore-based  gages  were  in 
water  deeper  than  7.6  meters  (25  feet). 

ilie  summaries,  including  results  from  both  digital  and  pen  and  ink 
data,  are  presented  in  Appendix  A for  locations  on  the  Atlantic  coast, 
the  gulf  coast,  and  the  Pacific  coast. 

II.  NEARSHORli  WAVE  CthMUCTERISTICS  AT  THE  GAGES 

Waves  traveling  from  deep  water  into  shallow  water  are  modified  by 
such  processes  as  refraction,  shoaling,  and  reflection,  IVlien  several 
wave  trains  with  different  frequencies  are  present,  these  modifications 
can  be  complex.  In  such  cases,  energy  transfer  between  wave  trains  can 
also  be  important. 

Several  different  wave  trains,  each  with  a different  wavelength  and 
coming  from  a different,  clearly  defined  direction,  are  usually  visible 
in  clear  aerial  photos  of  coastal  waves.  Tlie  photos  often  show  short, 
choppy  sea  waves  superimposed  on  several  trains  of  long,  regular  swell 
waves.  An  example  of  multiple  wave  trains  is  shown  in  Figure  2. 

Energy  spectra  obtained  from  CERC  gages  support  the  hypothesis  that 
several  wave  trains  with  different  energy  and  frequency  are  common 
(Tliompson,  1974;  McClenan  and  Harris,  1975).  Examples  from  the  Atlantic, 
gulf,  and  Pacific  coasts  are  shown  in  Figures  3,  4,  and  5.  Tliese  data 
also  indicate  that  occassionally , finely  tuned  unimodal  spectra  do  occur. 

Aerial  photos  of  good  quality  are  useful  for  observing  wave  modifica- 
tion and  often  show  a remarkable  change  in  the  relative  dominance  of 
different  frequency  wave  trains  as  the  waves  move  into  very  shallow 
water  nearshore.  Some  low-frequency  wave  trains  which  are  nearly 
invisible  offshore  amidst  higher  frequency  waves,  have  been  observed 
to  increase  in  prominence  very  nearshore  to  the  point  that,  in  the 
breaker  zone,  the  train  totally  dominates  the  shorter  waves  present 
(Harris,  1972a;  McClenan  and  Harris,  1975;  U.S.  Army,  Corps  of  Engineers, 
Coastal  Engineering  Research  Center,  1975,  p.  3-4).  Ibis  phenomenon  is 
shown  in  Figure  6, 
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Figure  3,  fixamplc  of  energy  spectra  from  the  ('I!R(;  gage  at  Atlantic  City,  Xck  .Jersey. 
--Continued 


F'igure  4.  Hxample  of  cncrfiy  spectra  from  the  Cl-IUF  gage  at  Naples,  1-lorida.  Significant 
wave  lieight  and  period  estimates  are  given  in  the  upper  part  of  each  spectrum. 
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Since  offshore  i)ottom  topography,  coastal  exposure,  and  local  currents 
are  different  at  ever>-  coastal  location,  the  coastal  wave  climate  can  also 
differ.  Wave  heiglit  can  vary  considerahly , [Jarticularly  alongshore  be- 
tween points  on  a given  nearshore  depth  contour  (Harris,  1972a;  McClenan 
and  Harris,  1975;  H.S.  Arm>',  Corps  of  lingineers.  Coastal  engineering 
Kesearcli  Center,  1975,  pp.  2-65  to  2-77;  p.  2-112).  ’lliis  variability  is 
e.xpected  to  he  small  for  short  distances  along  a coastal  area  with  rela- 
tively uniform  topography  and  exposure. 

Wave  frequency  can  usually  be  considered  unchanged  as  waves  move  into 
shallow  water;  aerial  piiotos  generally  indicate  no  loss  of  integrity  of 
waves  during  the  refraction  and  shoaling  processes.  However,  in  some 
situations,  a wave  in  shallow  water  can  break  down  into  several  shorter 
waves  (Galvin,  1972;  McClenan  and  Harris,  1975). 

Wave  frequency,  as  determined  from  a measurement  point  fixed  in  space, 
can  also  be  modified  by  local  currents.  .-\  current  opposing  the  waves 
decreases  tlie  frequency;  a following  current  increases  the  frequency. 

The  placement  of  wave  gages  by  BliB-CbRC  has  been  limited  by  practical 
considerations.  Since  staff  gages  require  a rigid  mouiiting  structure, 
most  BliB-CbllC  staff  gages  have  been  located  near  the  seaward  end  of  ocean 
piers  to  gain  optimum  exposure  to  waves  from  different  directions  and  to 
keep  the  gages  seaward  of  the  breakers  for  most  wave  conditions.  However, 
most  waves  reaching  the  gages  have  been  appreciably  altered  by  bottom 
effects.  At  times,  waves  arriving  at  a gage  have  already  negotiated  an 
offsliore  bar  seaward  of  the  pier  on  which  the  gage  is  mounted;  occasion- 
ally, high  waves  break  seaward  of  the  gage. 

Ocean  waves  measured  at  the  gages  are  rarely  either  deepwater  waves 
or  breakers;  however,  accurately  measured  and  properly  interjireted,  the 
waves  provide  a good  indication  of  the  wave  frequencies  and  wave  heights 
approaching  shore. 


III.  WAVE  GAGES  AND  RECORDERS 


1 . Wave-Gage  Types. 

a.  Step-Resistance  Gage.  Most  step-resistance  gages  used  in  the 
wave-gaging  program  at  BEB  and  initially  at  CERC,  were  designed  and 
fabricated  at  BEB  (Williams,  1969).  Tliese  gages  used  electrical  contact 
points  along  the  staff  to  sense  water  surface  elevations.  The  contact 
points  are  embedded,  usually  at  0.06-meter  (0.2- foot)  intervals,  in  1.5- 
raeter-long  (5-foot)  epoxy  resin  sections  which  are  designed  to  slide 
easily  into  a steel  or  aluminum  H-beam  frame  securely  clamped  to  a piling, 
steel  pipe,  or  other  rigid  support. 

Step-resistance  gages  are  classified  as  spark  plug,  parallel,  or 
relay  types,  and  are  all  similar  in  appearance.  The  spark  plug  type  was 
used  only  in  the  beginning  of  the  BEB  wave-gaging  program.  The  parallel 
type  li.'is  been  developed  for  use  in  saltwater  of  fairly  constant  salinity. 
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The  ri'lay  type  is  desi^^iied  for  use  in  either  saltwater,  freshwater,  or 
water  of  hij;hly  variable  salinit)’. 

b.  font  i nuous-l\  i re  (iage.  Ilie  eont  i nuous-w  i re  gage  now  used  by  ClilUi 
is  a type  maiuif aet ured  by  the  B;iyloi-  foni])any , Sugar  Land,  Texas,  and 
eonsists  of  two  parallel  stainless-steel  cables  in  tension,  spaced  about 
dS  centimeters  (t)  incliesj  ajiart.  Braces  at  botli  ends  of  tite  cables  are 
finiil)'  attaclied  to  a rigid  support.  Spacers  are  usually  jilaced  at  inter- 
mediate ]ioints  along  tIte  cables  to  ensure  proper  separation,  iiie  gage 
produces  an  electrical  output  |> report i onal  to  the  length  of  cable  above 
the  short  circuit  im]K)sed  by  the  sea  surface. 

'Hiis  rugged  gage  is  capable  of  operating  very  well  along  any  exposed 
ocean  coast  and  is  inscnsiti''e  to  biological  fouling  or  to  small  varia- 
tions in  salinity;  however,  it  is  unsatisfactory  for  use  in  fresliwater, 
or  brackish  water.  Failure  of  the  gage  is  frequently  caused  by  light- 
ning damage  to  gage  circuitry.  Cent i nuous-w i re  gages  are  presently  used 
at  all  CLRC  staff-gage  locations  where  electrical  conductance  of  the 
water  is  sufficiently  high. 

c.  P res sure- Sens i t i ve  Gage.  Submerged  pressure-sensitive  gages  are 
useful  at  locations  with  cold  winters  wlicre  ice  would  form  on  a staff 
gage  and  render  it  inoperable  and  at  locations  wiiere  no  suitalile  struc- 
ture for  gage  mounting  is  available  or  where  a staff  gage  would  inter- 
fere with  navigation.  Pressure  gages  can  be  placed  on  the  ocean  floor 
in  shallow  water. 

'Hie  first  pressure  gage  used  by  the  BEB  had  a bellows  that  changed 
in  length  in  response  to  water  pressure  variations  (Williams,  1969). 

The  bellows  movement  was  coupled  to  tlic  core  of  a linear  differential 
transformer  which  produced  an  electrical  signal  that  was  amplified  and 
recorded.  A new  pressure-gage  design  was  adopted  in  1964  which  used 
strain  gages  rather  than  a bellows  (Peacock,  1974). 

A pressure-gage  record  is  always  damped  in  comparison  to  a staff- 
gage  record,  because  the  pressure  pulse  due  to  a surface  wave  is  atten- 
uated with  increasing  depth  of  measurement.  For  intermediate  and  low- 
frequency  waves,  the  pressure  record  can  usually  be  compensated  for 
gage  submergence  with  frequency-dependent  compensation  factors  (Fsteva 
and  Harris,  1970);  for  high-frequency  waves  with  wavelengths  shorter 
than  twice  the  water  depth,  the  pressure  record  is  often  attenuated 
beyond  recovery. 

Local  currents  can  affect  apparent  wave  frequencies.  A wave  in  a 
current  with  a component  of  velocity  in  the  direction  of  vvave  travel 
passes  a fixed  gage  more  rapidly  than  a wave  of  equivalent  length  out- 
side tile  current.  Fhus , the  apparent  frequency  of  the  wave  in  the  gage 
record  is  inappropriately  high  for  the  wavelength.  The  frequency- 
dependent  compensation  factor  applied  to  such  a record  and  the  resultant 
wave  height  estimate  would  be  too  higli.  Similarly,  for  a wave  in  a 
current  with  a component  of  velocity  opposing  the  wave  motion,  the  wave 
height  estimate  would  be  expected  to  lie  too  low. 
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j;i\i,'ii  ■ i-a  t.i’-  , • : ■'  .I'o.iatioi  witli  a -.niall  individual  bias. 

To  cvaluati-  t lu  r-  1 .t  P' aii:. i--- , a vuiit  i iiuoU''-k  i rv  yap.c  , a rtop- 

ri'S  I r t an  Cl-  ■.  a:  - , an  ' tw  nri-.  ur,  fjapi".  (J  (>  and  ) 3 iiK-ttrs  lu-low  MSJ>j  , 
wcrv  iiumnti'd  m t ^ f ; 1.  tni-t  ) apart  on  the  ond  of  Stool  I’ior  in 

Atlantiv  t.’iti,  ‘uii  h i'-.o>  il.stoia  and  Harris,  Idl’d).  Wavo  data  woro 
ri'vorili-'d  as  _’U- mi  nut  o digital  rooords  on  inagnotiv  t apo , and  12  records 
per  da_v  fi.ir  1 uook  wot'o  anal>';i.d.  I'lio  standard  doviation  of  cadi  digital 
record,  roforrod  to  a the  root -moan- squa  ro  I llMfi ) olovation,  was  comi'utcd 
as  an  ostimato  of  wa\i-  height  . If'IS  (.'lovations  for  [Jressure  gages  were 
coiijJoiisat  od  according  to  iJiioar  wave  theory  to  conform  to  surface  measure- 
ments. RMS  eli'\ations  from  the  ])ressure-  and  sti'p- resistance  gages  were 
[)lotted  as  a function  of  RMS  elevation  from  tlie  continuous-wire  gage 
(I'ig.  7).  Hat  a from  both  pressure  gages  comiiared  favoralily  with  data 
from  tlic  wire  gage.  However,  most  data  from  the  step  gage  were  higher 
thrui  data  from  the  wire  gage.  Significant  height  estimates  (four  times 
the  RMS  elevation)  obtained  from  a step-gage  record  appeared  to  be  about 
1 foot  higher  for  low  and  moderate  wave  conditions  and  about  20  percent 
higher  for  high-wave  conditions  (lug.  7). 

One  reason  wliy  tlie  stc])- res ist ance  gage  is  biased  toward  higher  wave 
readings  is  tltat  waves  striking  tlie  gage  tend  to  run  up  the  inside  of 
the  H-beam  which  supports  the  gage  (Fig.  8;  see  also  Fig.  12  in  Williams, 
19o9).  During  long-term  unattended  field  use,  thick  biological  growth 
on  the  gage  can  slow  gage  response  to  wave  troughs,  and  severe  growth 
can  continue  to  short  out  the  gage  at  a particular  elevation  even  when 
the  sea  surface  drops  momentarily  below  that  elevation. 

3.  Wave  Recorders. 

a..  Recorder  Types.  Data  from  two  types  of  wave  recorders  have  been 
used  for  this  study,  llie  earlier  BllB  main  recorder  type  was  the  pen  and 
ink  strip-chart  recorder;  sample  records  are  siiown  in  Figures  9 and  10. 

Tlie  pen  motion  is  controlled  by  a voltage  signal  which  increases  and 
decreases  in  response  to  momentary  changes  in  sea  surface  elevation  at 
the  gage,  llie  pen  and  ink  recorder  was  activated  by  timer-driven 
sw’itclies  at  regular  intervals. 

A digital  magnetic  tape  recording  scheme  has  been  implemented  at 
CFRC  within  the  last  10  years.  In  tliis  recording  scliemc,  the  voltage 
signal  from  the  gage  is  converted  to  a frequency-modulated  signal, 
transmitted  to  the  CFRC  laboratory  via  telephone  line,  reconverted  to 
a voltage  signal,  converted  to  a digital  signal,  and  finally  recorded 
in  a binary-coded  decimal  format  on  0.5-inch  magnetic  tape  at  the  rate 
of  four  data  [loints  per  second,  i'hc  recorder  operates  continuously, 
swi  telling  automatically  to  a new  gage  or  group  of  gages  every  20  minutes. 
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b.  Changes  in  rJ  i ii^  I’roccdui'c.  l-'or  most  of  tlic  recorded  data, 

tlie  pen  and  ink  strip-chart  recorder  ran  for  7 minutes  each  time  it  was 
activtited  (at  4-hour  intervals  before  August  1P71  and  ()-hour  intervals 
after  tliat  date).  After  April  PJ75,  the  standard  record  length  was 
decreased  to  4 minutes.  Records  taken  before  danuaiy  11)70  were  on 
curvilinear  [laper;  records  from  1970  to  tlie  present  are  on  rectilinear 
paper  (fig.  9). 

Before  19ti0,  all  recorders  were  located  at  tlie  gage  sites  and  were 
tended  by  local  people  under  contract  to  mail  the  comjileted  rolls  of 
chart  paper  to  BfB-CliRC,  to  install  fresh  rolls  of  chart  paper  when 
necessan’,  and  to  re[iort  any  mali'unction  of  the  etiuiiiraent.  After  1900, 
the  signals  from  some  gages  wen.'  sent  instantaneousl)'  over  teleplione 
lines  to  the  QiUtl  laboratory.  Since  .Sovemlier  19oS,  the  signals  from 
most  gages  have  been  routinel\’  sent  over  telephone  lines,  converted  to 
digital  form,  and  recorded  on  magnetic  tape. 

Digital  signals  from  four  gages  were  recorded  s i mul t aneoas  ly  after 
Marcli  1971.  This  procedure  is  accomp  1 i slied  with  an  electronic  multi- 
plexer which  success!  v'cly  samiiles  eadi  of  the  four  gage  signals  every 
1/10  second,  so  that  a data  point  from  any  particular  gage  signal  is 
obtained  every  1/4  second. 

One  20-minute  digital  record  per  iiour  was  obtained  for  each  gage 
signal  before  february  1973,  accommodating  12  gage  signals  by  tlie 
recording  sequence.  However,  since  that  date  more  than  12  gage  signals 
have  been  received  and  the  recording  sequence  modified  to  provide  one 
20-minute  record  ever}’  2 liours  for  each  gage  signal. 

Although  digital  records  for  each  gage  recorded  arc  available  ever>’ 

1 or  2 hours,  only  four  digital  records  per  day  arc  routinely  analyced. 
Pen  ;ind  ink  records  taken  during  time  periods  covered  by  digital  records 
are  not  routinely  analyzed,  but  are  used  mainl\-  for  qualit)'  control  and 
for  special  tests.  llie  pen  and  ink  records  also  provide  a backup  wlien 
the  digital  recorder  is  inoperative.  If  known  in  advance  that  pen  and 
ink  records  will  be  analyzed,  records  longer  than  4 minutes  can  be 
obtained. 

4 . Gage  and  Recorder  P rob  1 ems . 

Maintaining  an  operating  wave  gage  in  coastal  waters  is  difficult, 
lo  minimize  problem-s,  BHB-CliRC  genera  11\’  pcrforiiK'd  routine  maintenance 
twice  a year  on  both  s top- res i stance  and  pressure  gages  which  consisted 
of  a thorough  cleaning  and  rocal ibration  of  the  gage  and  often  cleaning 
and  repainting  of  the  11-beam  or  otlier  supporting  structures.  Routine 
maintenance  of  cont  i nuous -w  i re  gages  li;is  not  been  necessaiy. 

In  spite  of  regular  maintenance  and  improvements  in  wave-gaging 
systems,  i nterrujit  i ons  in  tlie  recording  sequence  have  been  caused  b\' 
storm  waves,  lightning,  fire,  electricity  cutoffs,  biological  organisms, 
vandals,  and  errant  boats  striking  the  gage. 
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SoiiR'  of  the  coiiimoii  [i  rul>  leiiis  wliidi  result  in  missing.',  records  witli  the 
onsite  pen  and  ink  recorders  are:  (^a)  St  i ck  i nj;  of  the  recorder  pen  in 

one  [losition  or  runninjt  out  of  ink,  (h)  failure  to  [iroiiijit  ly  rejilace  the 
chart  paper  rolls,  (^1  failure  to  date  the  records,  and  (d)  nuiiled  records 
ne\er  reach  ini;  G.IU!. 

\ major  prohlem  i>itli  the  dij;ital  magnetic  tape  recorder  is  electronic 
noise  in  tlie  data.  Noise  is  fairly  coimiion  on  telephone  lines,  and 
altliough  anal\'sis  procedures  can  cope  uith  some  types  of  noise,  it  is 
still  a problem.  Minor,  less  frequent  problems  are  tape-reading  diffi- 
culties, power  failures,  and  recorder  malfunctions. 

1\.  .W.M.YSIS  Of  1’I:N  A.NII  INK  IV.U'f.  Rf.COKDS 

1 . Int  roduct ion. 

Despite  the  many  problems  associated  with  efforts  to  measure  ocean 
waves,  td.Ri:  lias  accumulated  a large  volume  of  pen  and  ink  records. 

Unless  the  sea  is  very  calm,  these  records  usually  indicate  waves  with 
a variet)'  of  lieiglits  and  jieriods  and  often  sliow  a comple.K  interaction 
between  several  distinct  wave  trains  with  different  heights  and  periods, 
hxamples  of  recorded  waves  are  shown  in  Figure  S). 

For  practical  use,  the  information  in  the  pen  and  ink  records  is 
usually  reduced  to  a few  concise  iiarameters  which  define  a sea  state  and 
can  be  used  to  form  statistical  summaries  of  sea  states.  Tliese  simpli- 
fied data  can  be  used  more  readily  than  the  original  pen  and  ink  records 
for  the  solution  of  most  coastal  problems. 

bach  wave  record  is  asually  characterized  by  a wave  height  parameter 
and  a wave  period  parameter,  ibe  most  commonly  used  characteristic  wave 
height  has  been  the  "significant"  height.  Significant  height  was  origi- 
nal !>■  proposed  by  Sverdrup  and  Munk  (1948),  who  recommended  tliat  the 
wave  height  estimate  be  based  on  the  higher  waves  in  the  record  ’Hiey 
projiosed  the  average  height  of  tlie  one-third  highest  waves  in  the  record 
as  a reasonable  estimate  of  wave  height.  The  concept  of  a significan*" 
wave  height  has  proved  useful  in  coastal  and  ocean  engineering,  and 
numerous  methods  have  been  developed  for  estimating  signific;int  height. 

A single  measure  of  wave  period  has  not  been  as  clearly  defined. 

Most  pen  and  ink  record  analysis  methods  give  no  more  than  a rough 
averaging  of  periods  of  the  higiier  waves;  this  estimate  is  usually 
referred  to  as  the  "significant"  period. 

BLB-QiRC  has  used  several  different  methods  to  estimate  significant 
wave  height  and  period  from  pen  and  ink  records;  these  methods  are  dis- 
cussed below. 

2 . .Analysis  Metliods  for  Pen  and  Ink  Wave  Records. 

a.  First  BFB  Method.  Ibis  first  method  of  pen  and  ink  wave  record 
analysis  (started  by  BFB  in  1948)  used  an  average  wave  period  (signifi- 
cant period),  measured  crest-to-crest , determined  from  seipiences  of  iiigli. 
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wel  1-Jcfined  waves  in  the  record.  record ' length  was  ui.ually  7 

minutes,  and  was  divided  hy  the  significant  period  to  obtain  an  estimate 
of  the  total  numl)er  of  waves  in  the  record.  The  lieiglits,  measured  from 
■.-rest  to  preceding  t nnigh  , of  the  Iiighost  one-third  waves  were  then 
measured  and  averaged  to  give  a significant  wave  height  for  the  record. 

h.  Second  BliB  Method.  'Ihe  second  BHB  method  for  pen  and  ink  record 
anal>sis,  adopted  in  195S  or  1S)54,  was  quicker  tlian  the  first  method, 
iliis  procedure  recpiiretl  the  person  performing  the  analysis  to  select  a 
1-minutc  sample  from  the  record  wliich  contained  the  highest  and  most 
uniform  waves.  nien,  a wave-period  template  was  used  to  estimate  ;i 
signific;uit  period  for  the  high,  uniform  waves.  According  to  the  sig- 
nificant period,  the  height  of  the  first,  second,  or  third  highest  wave 
in  the  1-minute  sample  was  measured  and  used  as  an  estimate  of  the  sig- 
nificant wave  height. 

c.  C1:RC  Method.  In  .January  1965,  a third  pen  and  ink  record  analysi 
was  adopted  at  CliRC.  This  method  used  the  full  7-minute  wave  record,  was 
fairly  fast,  and  was  more  discriminating  than  the  second  BT.B  method.  A 
wave-period  template  was  used  to  estimate  the  period  of  the  higher  and 
more  uniform  waves  in  the  record.  The  length  of  the  record  divided  by 
the  significant  period,  gave  an  estimate  of  tlie  total  number  of  waves  in 
the  record.  Assuming  that  the  Rayleigh  distribution  applied  for  heights 
of  individual  waves  in  a record  (sec  11, S.  .Army,  Corps  of  Engineers, 
Coastal  Engineering  Research  Center,  1975,  p]i.  3-5  to  3- 1 1 J , the  rank,  n, 
of  the  wave  which  would  theoretically  have  a heiglit  equal  to  the  signifi- 
cant height,  was  determined,  llic  height  of  the  nth  highest  wave  in  the 
record  was  measured  and  used  as  the  estimate  of  significant  height.  Step 
by-step  instructions  for  this  analysis  method  arc  given  in  Appendix  B. 

iliis  third  analysis  method  is  now  used  at  CERC  when  significant  wave 
heights  and  periods  must  be  estimated  from  pen  and  ink  records.  However, 
the  procedure  is  no  longer  carried  out  routinely. 

3.  Comparison  of  Pen  and  Ink  Record  .Analysis  Methods. 

Methods  used  by  BEB-CERC  for  analyzing  pen  and  ink  wave  records  often 
give  different  results  when  applied  to  the  s;imc  wave  records,  iliese 
methods,  particularly  the  second  BEB  method  wliich  required  selection  of 
a l-minute  sample,  are  also  fairly  subjective;  the  results  are  dependent 
upon  the  individual  analyzing  the  reconi.  Tlie  CERC  method  is  more  objec- 
tive, and  is  considered  to  give  more  reliable  results. 

Since  results  of  all  three  pen  and  ink  record  analysis  methods  are 
included  in  tliis  study,  some  of  the  old  BiiB  pen  and  ink  records  were 
reanalyzed  using  the  CERC  method,  l.inear  regression  ecpiations  were 
computed,  relating  results  from  the  CERC  method  to  tlie  old  an.alyses; 
significant  height  estimates  derived  were  found  to  average  about  20 
percent  lower  than  height  estimates  from  the  BEB  method.  Significant 
period  estimates  were  reasonably  comparable  to  each  other.  Additional 
details  of  this  stiuly  are  in  Appendix  A. 
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Harris  (l‘J70)  compared  tlie  CliRC  method  with  other  accepted  methods 
for  estimating  significant  wave  iieight  and  period  from  pen  and  ink 
records  and  found  correlations  above  0.9  witli  wave  Iieight  estimates 
from  a metliod  based  on  tlie  higlicst  crest  and  the  lowest  trough,  as 
recommended  b\-  Tucker  (19()1).  Harris  also  found  liigii  correlations 
between  heiglit  estimates  from  tlie  CliRC  method  and  the  average  height 
of  the  one-third  highest  waves  in  tlie  record. 

Methods  of  estimating  wave  period  from  pen  and  ink  records  considered 
by  Harris  (1970)  were  the  CliRC  method,  the  average  period  between  upward 
aero  crossings,  the  average  period  between  all  waves,  and  the  average 
period  of  the  one-third  highest  waves.  Correlations  between  estimates 
from  the  CCRC  method  and  the  other  methods  wore  below  0.25  except  for 
estimates  from  the  zero-crossing  method  which  gave  correlations  of 
0 . 59  to  0.55. 

V.  'XN/VLYSIS  OF  UIGITAI.  WAVE  RECORDS 

Techniques  for  recording  and  analyzing  digital  wave  data  in  the 
liu;t  15  years  have  improved  considerably,  and  digital  data  are  now- 
attractive  for  several  reasons.  Digital  data  permit  direct  computer 
analysis,  providing  objective,  repeatable  estimates  of  significant 
height  and  period,  and  facilitate  computation  of  wave  variance  or  energ>' 
spectra  whidi  provide  more  information  about  the  wave  field.  Spectra 
are  also  useful  for  solving  some  engineering  problems. 

CERC  has  been  recording  digital  wav'e  data  since  1966;  data  from  each 
gage  are  recorded  at  the  rate  of  four  points  per  second  for  a duration 
of  20  minutes  every  1 or  2 hours.  The  standard  CERC  computer  analysis 
uses  4,096  dat;a  points  or  17  minutes  and  4 seconds  of  data  for  each  gage 
record  processed;  one  record  is  processed  every  6 hours  for  each  gage. 

The  standard  analysis  has  been  applied  to  most  of  the  available  accept- 
able digital  data. 

Tlic  first  step  in  the  CERC  computer  analysis  program  is  to  edit  the 
digital  record  selected  for  analysis.  Editing  routines  check  for  non- 
numeric characters  or  anomalous  spikes  and  jumps  in  the  record,  and 
usually  interpolate  across  a few  bad  or  highly  questionable  data  points; 
however,  the  data  contain  more  than  five  consecutive  bad  points  or  if 
more  than  2.5  percent  of  the  data  points  are  bad,  the  routines  reject 
the  record  as  unsuitiilile  for  analysis. 

If  the  record  is  accepted,  the  distribution  function  for  the  accepted 
data  points  and  its  first  five  moments  arc  cominited.  Ihe  second  and 
third  moments  are  clu-cked  for  a reasonable  comparison  against  criteria 
supplied  in  the  program. 

•After  the  credibility  of  a record  has  been  verified,  the  program 
applies  a data  window  to  the  data  points  of  the  form: 
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wlu'ro  y(t)  is  the  data  point  at  time,  t,  and  T is  the  record  li'iijjth 
Apjilicatiun  of  a data  Kindoi\  results  in  greater  resolution  for  tlie  fre- 
quency spectrum  of  the  record.  This  procedure  decreases  tlie  variance  of 
the  data  points,  and  the  variance  oi'  energy  of  the  original  data  jioints, 
y(t),  is  retained  for  estimating  significant  uave  height.  The  use  of 
data  h'lndoivS  is  discussed  h)’  Binghajii,  Codfre'’,  and  Tukey  ( , Briscoe 

(,li)7d),  and  Harris  (1D74J. 

After  application  of  tlie  data  window,  the  program  conijHites  the  vari- 
ance sj)ectrum,  often  called  the  energy  spectrum  because  the  potential 
energy  in  the  wave  record  is  proportional  to  the  variance  of  the  record. 
This  computation  involves  assigning  a part  of  the  energ>’  to  each  of 
1,024  different  f recpienci es . 14ie  spectrum  is  computed  by  a method  based 
on  the  finite  Fourier  transform  technique  (Binghiuii,  Godfrey,  and  'luke\’, 
1067;  Tukey,  lObi’) . To  gain  statistical  stability  and  to  reduce  extra- 
neous detail,  the  energy  assigned  to  several  successive  frequencies  in 
the  computed  spectrum  is  combined  to  give  an  array  of  energv  estimates 
for  a series  of  frequency  baitds  of  equal  width  (usually  (),()1()7  hertz). 

In  the  standard  CFRC  procedure,  spectra  are  then  normalized  by  divid- 
ing the  energy  assigned  to  each  band  by  the  total  spectal  energy  over  a 
specified  range  of  frequencies.  Tlie  range  of  frequencies  wiiicli  tlie  total 
energy  represents  is  referred  to  as  the  normalization  interval.  The 
normalization  interval  for  surface  wave  records  is  usually  O.O.i.i  to  1.0 
hertz  for  staff  gages,  which  corresponds  to  wave  periods  of  1 to  50 
seconds.  Nonnalized  spectra  facilitate  investigation  of  spectral  shapes; 
examples  computed  at  CFRG  are  shown  in  Figures  5,  4,  and  5. 

ilie  spectral  analysis  of  data  from  submerged  pressure-sensitive  gages 
requires  some  additional  calculations  Tlie  pressure  gage  senses  a signal 
which  is  attenuated  by  the  water  over  the  gage.  Tlie  amount  of  attenua- 
tion increases  with  the  frequency  of  the  surface  waves  and  the  depth  of 
submersion.  To  compensate  the  spectrum  of  a pressure-gage  record  for 
attenuation,  the  variance  assigned  to  each  spectral  band  is  multiplied 
by  a factor  (greater  than  or  equal  to  one)  derived  from  linear  wave 
theory.  Tlie  compensated  spectrum  is  then  renormalized. 

Compensated  pressure  spectra  arc  generally  based  on  a more  restric- 
tive nonna 1 i zat ion  interval,  with  a lower  high-frequency  cutoff  than 
spectra  derived  from  staff  gage  records.  The  selection  of  a high- 
frequency  cutoff  for  compensated  pressure  spectra  becomes  increasingly 
difficult  and  critical  as  water  depth  over  the  gage  increases. 

The  standard  CFRC  spectral  analysis  program  is  occasionally  modified 
for  applications;  e.g.,  successive  data  points  obtained  in  lab- 

oratory experiments  may  be  separated  by  a smaller  time  interval  than 
the  st.'uulard  0. 25-second  interval  used  for  field  data.  A longer  time 
interval  between  data  points  and  a longer  duration  of  the  record  arc 
required  for  harbor  resonance  studies. 
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The  statij;ird  -iiia  1>’;;  i s progrwn  has  also  bee/i  ajjplieil  to  data  not 
acquired  in  the  standard  format.  In  these  cases,  the  progi-am  controls 
arc  usually  ^aosen  to  make  the  analyses  as  comjiarable  as  possible  to  the 
standard  anal>'ses.  Nonstandard  anal>’scs  liave  not  lieeii  included  in  this 
s t ud  v . 

Complete  spectra  are  difficult  to  interpret  for  many  engineering 
applications;  significant  wave  height  and  period  [irovide  a conv'cnicnt 
and  readily  used  indicator  of  wave  conditions,  and  for  compiling  sta- 
tistical sumiiuiries  of  sea  states,  are  easier  to  luuidle  than  complete, 
but  complex  descriptions  of  waive  conditions. 

Significant  wave  height  for  a digital  wave  record  is  approximately 
equal  to  four  times  the  standard  deviation  of  the  record  (11. S.  Army, 
Corps  of  l.ngineers,  Cioastal  engineering  Researdi  Center,  11175,  p.  3-12J. 
for  pressure  records,  this  estimate  of  significant  height  must  be  suit- 
ably compensated  to  represent  surface  wave  conditions.  The  magnitude 
of  the  compensated  significant  height  is  quite  sensitive  to  the  high- 
frequency  cutoff  applied  to  the  spectra,  especially  for  data  from 
relatively  deep  gages  or  from  locations  with  considerable  high-frequency 
wave  energy. 

At  (ifiu;  and  other  organizations,  the  dominant  wave  period  for  a 
digital  record  is  defined  as  the  period  associated  with  the  frequency 
at  the  middle  of  the  spectral  iiand  with  maximiun  energy.  Since  the 
spectral  bands  are  of  equal  freciuency  width,  the  analysis  provides 
unit'orm  resolution  in  frequency.  However,  wave  period  is  the  reciprocal 
of  frequenc)’,  and  the  resolution  in  period  is  not  uniform.  If  tlie  data 
are  summarized  for  equal  resolution  in  period,  tlie  energy  assigned  to  a 
greater  number  of  individual  frequencies  must  be  comliined  for  siiort 
periods  than  for  long  periods. 


Unly  a discrete  set  of  period  values  are  possible  with  the  standard 
digital  analysis.  IVtien  tlie  data  arc  summarized  in  equal  width  period 
intervals,  a given  period  interval  ma>-  be  distorted  by  one  more  or  less 
period  value  than  is  representative  for  tlie  interval.  Tliis  effect  is 
important  onl\'  for  adjacent  intervals  encompassing  few  discrete  period 
values  or  frequency  b;uids;  e.g..  Table  1 shows  that  the  15-  to  14-sccond 
interval  contains  no  period  values,  and  that  the  8-  to  9-second  interval 
contains  two  period  values  while  both  the  7-  to  8-  and  the  9-  to  10-sccond 
intervals  contain  only  one.  'lluis , a false  concentration  of  period  values 
could  be  expected  in  the  8-  to  9-sccond  interval. 


When  two  wave  trains  occur,  the  present  system  of  defining  the  sig- 
nificant wave  period  emphasizes  the  longer  period  waves.  In  using  uni- 
form period  increments,  tlie  shorter  period  would  be  favored.  Tlie  present 
system  was  adopted  because  of:  (a)  Directness,  (b)  an  accurate  knowledge 

of  wave  frequency  is  more  important  than  an  accurate  knowledge  of  wave 
period  in  many  practical  problems,  and  (c)  longer  waves  arc  more  impor- 
tant than  shorter  waves  of  similar  height  in  many  applications.  Complete 
information  about  all  wave  trains  can  be  obtained  only  from  the  full 
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Table  1„  Wave  period  resolution  of  the  C1:RC  procedure 
for  analyzing  digital  wave  records. 


Wave  period  interval 

(sj 

Numlmi'  of  frequency  bands 
in  interval 

1 to  2 

47 

2 to  3 

15 

3 to  4 

8 

4 to  5 

4 

5 to  () 

4 

b to  7 

2 

7 to  8 

1 

8 to  9 

2 

9 to  10 

1 

10  to  11 

1 

11  to  12 

0 

12  to  13 

1 

13  to  14 

0 

14  to  15 

1 

15  to  16 

0 

16  to  17 

1 

17  to  18 

0 

18  to  19 

0 

19  to  20 

0 

20  to  21 

1 

Another  consideration  in  interpreting  wave  period  for  the  band  with 
maximum  energy  in  the  spectrum  arises  from  peculiarities  of  the  wind- 
wave  generation  process  (Barnett,  1972;  llasselmann,  et  al.,  1973). 
Nonlinear  transfer  of  wave  energ>'  between  different  frequencies  during 
wave  generation  causes  a net  gain  of  energ>'  in  the  low-frequency  part 
of  the  spectrum.  I'he  energy  transfer  process  also  focuses  most  of  tlic 
energy  into  an  increasingly  narrow  band  of  frequencies. 

Waves  traveling  away  from  a generation  area  tend  to  segregate  accord- 
ing to  frequency  as  low-frequency  waves  move  faster  than  high-frequency 
waves.  'Ihe  low-frequency  waves  also  attenuate  more  slowly  than  tlie  high- 
frequency  waves . 

Tims,  wave  conditions  can  arise  where  a train  of  low-frequency  waves 
provides  the  maximum  energy  in  any  single  spectral  band;  a train  of 
higher  frequency  waves  contains  more  total  energy  but  the  energy  is 
spread  over  several  frequency  bands.  In  such  conditions,  the  standard 
analysis  would  report  the  period  of  tlie  low-frequency  waves. 

VI.  COMPARISON  OF  RFiSULTS  FROM  SIMULTANFOUS 
DIGITAL  /VND  PFN  AND  INK  RFCORDS 

1.  Introduction. 

BLB-CLRC  accumulated  a large  volume  of  significant  wave  heights  and 
periods  obtained  from  pen  and  ink  records.  CFRC  is  now  in  the  process 
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of  accumulating  and  analyzing  a considerable  number  of  digital  wave 
records.  Both  of  these  data  files  represent  a large  investment  of 
money  and  effort,  and  provide  valuable  documentation  of  waves  at  many 
U.S.  coastal  locations. 

In  using  significant  heights  and  periods  from  both  pen  and  ink  and 
digital  records  in  tliis  study,  the  derivation  is  sometimes  ignoi’ed; 
however,  this  appi'oach  can  be  misleading.  I’en  and  ink  record  analyses 
can  depend  on  the  method  used  to  obtain  them.  Kith  data  recorded  and 
analyzed  by  two  totally  different  procedures,  discrepancies  in  the 
analyses  are  even  more  likely. 

Engineers  are  more  familiar  with  pen  and  ink  records  because  tiiese 
records  have  been  available  longer  than  digital  records.  Does  ttie 
engineer  need  to  make  special  allowances  when  asing  heights  and  periods 
derived  from  digital  records?  Ibis  question  is  best  answered  by  the 
following  specific  questions: 

(1)  How  do  individual  significant  height  and  period  estimates  from 
pen  and  ink  records  compare  with  those  from  digital  records  taken  at 
about  the  same  time? 

(2)  How  do  statistics  such  as  mean  and  standard  deviation  of  the 
distribution  functions  compare? 

(3)  How  do  the  distribution  functions  compare? 

Tiiese  questions  are  discussed  in  this  section;  conclusions  are 
briefly  summarized  at  the  end  of  the  section. 

2 . Description  of  Data  Sample. 

To  investigate  the  compatibility  of  significant  wave  heights  and 
periods  from  digital  and  pen  and  ink  records,  an  8-month  sample  of  both 
types  of  data,  taken  between  Septemlier  1971  and  April  1972,  lias  been 
analyzed.  The  digital  data  (discussed  in  Section  \)  were  1,024-sccond 
records  taken  four  times  daily  from  gages  at  six  Atlantic  coast  and  two 
gulf  coast  locations;  7-minute  pen  and  ink  records  were  also  taken  four 
times  daily  from  the  same  locations,  each  record  beginning  witliin  30 
minutes  of  a digital  record.  Den  and  ink  records  were  then  analyzed  by 
the  CliRC  method  (Section  IV,  2). 

3.  Comparison  of  Results. 

a.  Individual  bstimates. 


(1)  Significant  Height.  Significant  height  estimates  from  digi- 
tal and  pen  and  ink  records  taken  at  an  Atlantic  coast  gage  location 
(Savannah  bight  lower,  Georgia)  are  comjiarcd  in  Table  2.  nie  table  is 
a joint  distribution  of  the  ratio  of  pen  and  ink  lieiglit  estimate  to 
digital  height  estimate  as  a function  of  digital  heiglit  estimate. 
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Over  half  of  tlie  pen  and  ink  estimates  in  'I'able  d ai’e  uitliin  ‘10 
percent  of  the  corres|iond  i ng  digital  estimates;  liowevei',  a few  lieiglit 
ratios  are  suhstant  i a 1 Is'  diffeianit  I'rom  unity.  Seven  of  t.he  pen  and 
ink  estimates  differ  from  the  digital  estimates  by  more  than  '40  percent 
The  table  shows  a decrease  in  [U'l’centage  var  i ah  i 1 i t\'  of  j)en  and  ink  esti 
mates  for  higher  wave  conditions,  indicating  that  the  dispersion  between 
estimates  may  be  absolute  rathei'  than  wave  height  dependent. 

fable  2 shows  no  consistent  tendency  for  jien  and  ink  height  esti- 
mates to  fall  above  or  below  digital  estimates;  the  average  jien  and  ink 
height  estimate  was  1)8  percent  of  the  average  digital  height  estimate. 
This  difference  in  averages  amounts  to  onl)'  0.05  foot. 

Comparisons  of  height  estimates  from  seven  other  gage  locations  lead 
to  the  following  similar  conclusions:  (a)  About  half  of  the  digital  and 

pen  and  ink  estimates  agree  within  ±10  percent,  (b)  4 out  of  100  esti- 
mates can  differ  by  ±40  percent  or  more,  and  (c)  percentage  variability 
of  estimates  decreases  with  increasing  wave  height. 

tiorrelations  between  estimates  in  the  full  8-month  data  sample 
(Table  3)  also  indicate  that,  in  general,  individual  significant  height 
estimates  compare  favorably  (between  0.93  and  0.96  for  every  location). 
Correlations  between  digital  and  pen  and  ink  lieight  estimates  obtained 
by  Harris  (1970),  using  tlie  same  methods  for  two  1-month  data  samples 
from  Atlantic  City,  New  dersey,  also  fall  within  tiiis  range. 

For  high  wave  conditions  at  some  locations,  tlie  pen  and  ink  height 
estimates  tend  to  be  relatively  liigh;  e.g.,  IVri  ghtsvi  1 le  Beach,  .North 
Carolina  (Table  4).  lliis  tendency  derives  from  the  nonlinear  wave 
shapes  diaracteristic  of  high,  long  waves  in  shallow  water  (see  Fig.  10) 
In  the  analysis  of  the  pen  and  ink  record  in  Figure  10,  individual  wave 
heights  were  measured  as  tiic  difference  between  crest  and  preceding 
trough  elevations.  The  wave  lieight  estimate  from  the  corresponding 
digital  record  is  based  on  the  total  potential  energy  in  the  record. 

For  a record  witli  sliaip  crests  and  flat  troughs,  the  energy  in  each 
wave  is  cons  iderali  ly  less  than  that  in  a sinusoidal  wave  of  the  same 
height  (Fig.  11).  'Hie  pen  and  ink  height  estimate  is  over  J feet 
higher  than  tlie  digital  estimate  for  the  record  shown  in  Figure  10. 

Pen  and  ink  height  estimates  are  based  on  7-minutc  records;  digital 
estimates  are  based  on  records  nearly  2.5  times  as  long.  Since  high 
waves  sometimes  occur  in  groups  (Rye,  1974),  height  estimates  from  the 
shorter  7-rainute  records  can  be  unrepreser.tat  ivel>'  high  or  low  due  to 
poor  statistical  sampling. 

Although  height  estimates  derived  from  pen  and  ink  records  of  high, 
long  waves  in  shallow  water  tend  to  be  excessive,  the  reverse  would  be 
true  for  purely  sinusoidal  waves  of  uniform  height.  Ideally,  this  pen 
and  ink  height  estimate  would  be  the  height  of  the  waves.  llie  digital 
estimate  would  bo  four  times  the  standard  deviation  or  1.414  times  the 
individual  wave  lieight.  Thus,  the  pen  and  ink  estimate  would  be  3ii 
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percent  less  than  the  digital  estimate  for  a purely  sinusoidal  wave. 

In  practice,  wlien  wave  conditions  indicate  i-elatively  uniform  heiglits 
and  aiiproxi  mately  sinusoidal  waveforms,  the  digital  heiglit  estimate  may 
be  higlier  than  the  pen  and  ink  estimate  (1‘ig.  12). 

Ulien  wave  conditions  arc  nearly  calm,  the  recorded  wave  liciglits  fall 
within  a very  small  height  range.  'Ihe  waves  have  a nearly  uni  form  hei  ght 
and  tlieir  shape  is  often  more  nearly  sinusoidal  than  the  shape  of  high 
waves  in  shallow  water  (fig.  10).  Therefore,  for  very  low  wave  condi- 
tions, tlie  pen  and  ink  height  estimate  tends  to  be  lower  titan  the  digi- 
tal estimate  (see  Tables  2 and  4). 

Botli  tite  digital  ;md  the  pen  and  ink  record  analysis  metliods  liave 
peculiarities  in  dealing  witli  records  of  low  wave  conditions.  Iltc  digi- 
tal analysis  is  designed  to  reject  spectral  calculations  when  the  signi- 
ficant height  estimate  is  less  than  0.1  foot.  'Hie  convention  for  pen 
and  ink  record  analysis  is  to  report  "calm  +"  if  waves  are  between  0.5 
and  1 foot  high,  and  for  summarization  to  assign  a significant  heiglit 
estimate  of  0.7  foot.  If  waves  are  less  than  0.5  foot  iiigh,  the  pen 
and  ink  analysis  reports  "calm"  which  is  counted  as  a significant  lieight 
estimate  of  0.  These  peculiarities  are  generally  unimportant  except  for 
records  from  a few  locations  where  calms  are  relatively  common. 


(2)  Ivave  Period.  Wave  period  estimates  from  digital  and  pen 
and  ink  records  taken  at  Savannah  Light  Tower,  Georgia,  are  compared  in 
Table  5.  The  table  gives  the  joint  distribution  of  digital  period 
estimate  versus  pen  and  ink  period  estimate;  the  dashline  indicates 
the  points  at  which  digital  and  pen  and  ink  estimates  agree. 

Most  period  estimates  are  within  1 second  of  each  other,  which  is 
reasonable  agreement  considering  the  approximate  method  of  determining 
wave  period  from  pen  and  ink  records.  In  some  records,  the  period 
estimates  differ  considerably.  Tlie  general  agreement  and  the  occasional 
large  differences  between  estimates  in  Table  5 are  typical  of  tlie  records 
from  seven  other  gage  locations. 


Correlations  between  individual  period  estimates  for  the  full  8-montli 
data  samjile  are  lower  than  those  for  heights  (Table  3).  Lxeept  for  the 
gage  in  Chesapeake  Bay,  correlations  range  between  O.bl  and  0.79.  Com- 
parable correlations  were  found  by  Harris  (1970)  for  two  1-month  data 
samples  from  the  Atlantic  City  gage. 


In  several  records,  tlie  period  estimates  were  quite  different.  .\ 
pen  and  ink  record  whore  the  period  estimates  differ  by  10  seconds  is 
shown  in  Figure  13.  liach  period  in  the  figure  appears  to  be  associated 
with  a different  wave  train.  In  this  situation  the  trains  have  com- 
parable wave  hcigiits,  and  a technician  looking  at  the  pen  and  ink  record 
usually  reports  the  period  of  the  shorter  waves,  llie  short  length  of 
pen  and  ink  records  also  limits  a teclinician  from  identifying  a long- 
period  pattern  in  the  waves  when  botli  siiort-peri  od  energy  and  long- 
period  energy  are  present. 
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Anothor  pen  aiul  ink  record  (I'iy.  14)  shows  a wave  period  estimate 
of  6 seconds  and  a corresponding  iligital  estim.ate  of  4 5 seconds.  Again, 
the  presence  of  several  wave  trains  a])pcars  to  be  responsible  for  the 
discrepancy. 

Therefore,  much  of  the  scatter  in  Table  5 can  be  attributed  to  the 
presence  of  multiple  wave  trains. 

1' . Means  and  St;mdard  Deviations. 

(.1)  Significiint  Height.  Significant  height  estimates  for  the 
full  data  s:imple  from  eight  locations  are  summarized  in  Table  b.  hxcept 
for  estimates  from  fhesapeake  Bay  Bridge-Tunnel,  Virginia,  and  Naples, 

I lorida,  mean  digital  and  pen  and  ink  estimates  of  significant  height 
agree  within  10  percent.  Tor  four  of  the  seven  locations,  tlie  moan 
estimates  agree  within  4 percent  or  about  0.1  foot. 

Pen  and  ink  height  estimates  are  larger  than  digital  estimates  for 
data  from  Nags  Head  and  Wrightsville  Beach,  North  Carolina  (Table  6). 
lixeept  for  Savannah  bight,  Georgia,  in  significantly  deeper  water,  those 
locations  also  have  the  highest  mean  wave  conditions.  'Hius,  the  ten- 
dency for  higher  pen  and  ink  estimates  is  believed  due  to  the  nonlinear 
wave  shapes  often  exiiibited  by  high  waves  in  shallow  water  as  discussed 
earlier  in  Section  VI,  3, a. 

Mean  pen  and  ink  height  estimates  from  Chesapeake  Bay  Bi idge-Tunnol 
and  Naples  are  lower  than  moan  digital  estimates  (Table  0).  'Hie  differ- 
ences are  related  primarily  to  the  frequent  occurrence  of  relatively 
calm  wave  conditions  at  botii  locations.  For  individual  pen  and  ink 
height  estimates  which  are  loss  tlian  1 foot,  the  estimate  is  usually 
less  than  the  digital  estimate  as  discussed  earlier  in  Section  I\',  3, a. 
The  effect  is  seen  on  mean  significant  height  at  a location  witli  fre- 
quent very  low  wave  conditions.  Holden  Beach,  North  Carolina,  and 
Destin,  Florida,  also  have  low  mean  heights,  but  seldom  experience 
calm  conditions. 

Tlio  engineer  is  often  interested  in  monthly  or  seasonal  wave  condi- 
tions at  a location.  Since  the  relationship  between  monthly  moan  digital 
and  pen  and  ink  height  estimates  is  more  variable  than  mean  estimates 
based  on  a data  sample  of  several  months,  tlie  maximum  observed  difference 
in  monthly  moan  lieight  estimates  for  each  location  is  included  in  Table  (■> 
Most  of  tlie  maximum  differences  are  less  than  20  percent. 

^ Another  useful  statistic  of  the  distribution  function  is  the  stan- 

‘ dard  deviation  of  significant  heights.  It  is  the  most  important  param- 

eter in  a simple  exponential  model  of  tlie  cumulative  distribution 
function  (Thompson  and  Harris  1972;  Harris  1972b;  U.S.  Army,  Corps  of 
Fngineers,  Coastal  lingineering  Research  Center,  1975,  p.  4-3S). 

ihe  standard  deviation  of  digital  significant  lieiglit  estimates  and 
the  percentage  difference  between  standard  deviations  of  the  digital 
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and  pen  and  ink  hoight  estimates  for  each  location  are  included  in  Tabic 
(j . Stiindard  deviations  of  tiie  pen  and  ink  estimates  are  between  9 and 
35  percent  great  (.-r  in  every  estimate. 

Standard  deviations  of  pen  and  ink  height  estimates  are  high  because 
each  estimate  is  based  on  only  a few  oi'  the  higlier  waves  in  a 7-minute 
record;  each  digital  estimate  is  based  on  a full  1, 024-second  record. 

Thas  , tlie  pen  and  ink  estimates  would  be  expected  to  show  more  scatter, 
and  also  the  tendency  for  pen  and  ink  estimates  to  be  relatively  high 
for  Itigh  waves  in  sl\allow  water  leads  to  larger  standard  deviations  of 
the  estimates. 

(2)  Wave  Period.  Wave  period  estimates  for  all  eight  locations 
are  suiiuiiari  cod  in  Table  7.  At  each  location,  the  mean  pen  and  ink  esti- 
mate is  lower  tlian  tlie  mean  digital  estimate;  however,  the  differences 
are  small,  about  one-half  a second  or  less. 

Differences  between  observed  monthly  mean  period  estimates  are 
greater,  although  the  pen  and  ink  estimates  are  never  more  than  1 second 
or  15  percent  less  than  the  digital  estimates.  This  tendency  for  pen 
and  ink  period  estimates  to  be  lower  tlian  digital  estimates  was  discussed 
previous ly . 

The  standard  deviation  of  wave  period  estimates  at  each  location 
(I'able  7)  is  between  6 and  40  percent  smaller  for  pen  and  ink  estimates 
than  for  digital  estimates. 

c.  Distribution  Functions.  Since  many  engineering  applications  of 
wave  data  rctiuire  a distribution  function  giving  the  frequency  of  occur- 
rence of  height  or  period  estimates  in  specified  intervals,  a comparison 
of  distribution  functions  from  digital  and  pen  and  ink  estimates  is 
warranted . 

Distribution  functions  of  significant  lieight  estimates  for  two  loca- 
tions are  plotted  in  Figure  15.  The  figure  shows  that  the  pen  and  ink 
analysis  gives  more  height  estimates  ii\  the  highest  intervals  of  the 
distribution  function,  as  expected  from  previous  discussion  of  high 
waves  in  shallow  water  (a  characteristic  which  is  particularly  notice- 
able for  Wrightsvillc  Beach  in  Fig.  15,bl. 

The  pen  and  ink  analysis  also  gives  an  excessive  nuinlicr  of  heights 
in  the  lowest  interval  of  the  distribution  function.  This  character- 
istic can  be  attributed  to  the  instructions  for  the  record  analysis 
which  state  tliat  records  with  all  waves  lower  than  1 foot  be  reported 
as  "calm  +"  or  "calm".  Since  this  procedure  is  sim])ler  than  that  for 
records  with  waves  higher  than  1 foot,  the  analyzer  tends  to  facilitate 
the  job  by  reporting  marginal  cases  as  "calm  +". 

Ihe  situation  is  reversed  for  wave  period  estimates.  Digital  period 
estimates  are  more  common  than  pen  and  ink  estimates  at  both  the  high 
and  low  ends  of  the  distribution  function  (Fig.  lb).  Discontinuities 
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in  the  Jistribution  functions  for  digital  estimates  are  due  to  the  low- 
resolution  of  the  digital  analysis  for  long  wave  jieriods  (see  Section  V) 

'Hie  tendency  of  pen  and  ink  period  estimates  to  be  shorter  tlian 
digital  estimates  was  discussed  earlier  in  tliis  section  (\'I,  3,aj.  fhe 
scarcity  of  pen  and  ink  estimates  at  tlie  other  end  of  the  distribution 
function  is  partially  ilue  to  the  subjectivity  of  the  analysis.  Since 
multiple  wave  trains  are  common,  a teciinician  analyzing  pen  and  ink 
records  often  has  several  alternative  wave  periods  to  report,  and  when 
given  a choice,  usually  favors  wave  periods  close  to  tlic  overall  mean. 

4.  Summary  of  ComjKirisons  between  Simultaneous  Digital  and  Pen  and  1 nk 
Records . 

Comparisons  of  digital  and  pen  and  ink  records  taken  within  30 
minutes  of  each  other  are  summarized  below. 

(a)  Individual  significant  wave  height  estimates  agree 
within  .*10  percent  one-half  the  time,  but  occasionally  differ 
by  ±40  percent  or  more. 

(b)  Individual  wave  period  estimates  generally  agree 
within  ±1  second,  but  can  differ  by  10  seconds  if  several 
wave  trains  are  present. 

(c)  Mean  significant  height  estimates  generally  agree 
within  10  percent  or  less;  standard  deviations  of  height 
estimates  based  on  pen  and  ink  data'  are  about  20  percent 
greater  than  those  based  on  digital  data. 

(d)  Mean  wave  period  estimates  from  pen  and  ink  data 
are  about  10  percent  less  tlian  period  estimates  from  digital 
data;  standard  deviations  are  about  20  percent  smaller  than 
those  based  on  digital  data. 

(e)  Pen  and  ink  estimates  generally  give  more  heights 
at  tile  upper  and  lower  extremes  than  digital  estimates. 

(f)  Pen  and  ink  estimates  generally  give  fewer  periods 
at  the  upper  and  lower  extremes  than  digital  estimates. 

VII.  COMPARISON  OP  WAVE  CLIMATE  PROM  DIGITAL  AND  PEN  .AND  INK  RECORDS 

Although  digital  and  pen  and  ink  wave  records  taken  within  30  minute 
of  each  other  during  an  8-month  period  generally  give  compariiii  le  esti- 
mates of  significant  wave  height  and  period,  it  is  also  important  to 
compare  wave  climate  determined  from  a large  sample  of  both  typos  of 
data.  If  these  data  indicate  basically  the  same  wave  climate  at  loca- 
tions where  both  types  are  available,  both  digital  and  pen  and  ink 
estimates  can  be  used  with  confidence  in  determining  wave  climate  at 
other  locations. 


5i 


rhol.ipsoii  and  Hams  ( siiuuod  that  tlio  cumulative  dist  i-iliution 

function  of  signil'icant  i\ave  iioight  for  a full  \'ear  of  data  is  generally 
characterist  i c of  a location  for  the  lowei’  U‘.)  percent  of  tile  significant 
uaves.  lilts  is  supported  hy  the  more  recent  ;uid  com]ilete  yetirs  of  d.ata 
included  in  Aiipendix  A.  large  have  heights  can  vary  from  year  to  ye.ar; 
liohever,  except  for  extremes,  a year  of  d;it  ;i  will  provide  .a  good  samjiling 
of  local  meteorological  conditions  and  the  haves  they  generate.  'Ihompson 
tuul  Harris  also  indictited  that  the  annu.il  distribution  function  of  signi- 
ficant height  is  independent  of  tlie  time  of  d;iy  when  the  data  were  col- 
lected. . nius,  to  check  the  climatological  validity  of  significant  heigiit 
estimates,  annual  summaries  are  desiralile. 

\nnual  means  atul  standai'd  deviations  of  significant  height  estimates 
are  plotted  In  I'igure  I”  for  most  reasonably  complete  years  of  data 
included  in  \p]iendix  .Most  differences  between  annual  mean  signifi- 

cant height  estimates  for  the  same  data  ts'pe  from  different  years  are 
as  great  as  differences  between  annual  means  for  different  data  t\’pes. 
Lxeept  for  Huntington  Beach,  California,  estimates  of  annual  mean  sig- 
nificant height  are  within  about  50  percent  or  I foot  of  each  other,  and 
differences  at  most  locations  can  be  attributed  to  annual  variability  in 
wave  conditions.  Tlie  pen  and  ink  estimates  for  Huntington  Beach  differ 
suhstant  ial  l\-  from  the  digital  estimates  due  to  the  old  design  of  the 
gage  at  Huntington  Beach  before  .July  l‘)(>0  and  to  the  difficulty  of 
maintaining  a gage  loc.ated  so  far  from  BliB-liiiRt' . 

Most  annual  standard  deviations  of  significant  height  estimates  from 
digital  and  pen  and  ink  data  compare  favoral>ly  (fig.  17). 

Annual  moans  and  standard  deviations  of  significant  jieriod  estimates 
are  plotted  in  Figure  18.  Annual  mean  pen  and  ink  period  estimates  are 
sliglitl)-  lower  than  the  digital  estimates,  altliough  both  estimates  are 
generally  within  15  percent  or  1 second  of  each  other.  Standard  devia- 
tions of  period  estimates  are  also  comparalile,  general  1\-  differing  by 
less  th.an  30  percent. 

.\nnual  distribution  functions  of  significant  height  estimates  can 
convenient  1>-  be  compared  when  plotted  in  a semi  log  format  CHiompson 
and  Harris,  1072;  Harris,  1072bJ.  BFB-CFRC  data  for  seven  different 
locations  are  sufficient  to  permit  such  comparisons  between  digital  and 
pen  and  ink  estimates.  The  comparisons  are  best  illustrated  in  Appendix 
A which  summarizes  data  from  Atlantic  City,  New  .lerscy,  Virginia  Beach, 
\'irgini;i,  .Nags  Head,  .North  Carolina,  .Naples,  Florida,  and  Huntington 
Beach,  California.  Data  in  the  appendix  for  cacli  of  tlicse  locations 
show  that,  for  the  more  recent  and  complete  years  of  data,  the  annual 
variability  in  tlie  distribution  function  of  significant  height  estimates 
from  one  data  type  is  as  great  as  the  variations  between  distribution 
functions  from  different  data  types.  Fo r Hunt i ngton  Beach,  the  distri- 
bution functions  from  digital  data  are  higher  than  distribution  functions 
from  pen  and  ink  data  for  reasons  noted  earlier  in  this  section. 
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Annual  prolial)  i 1 i ty  Jonsity  functions  of  wave  poi'iod  estimates  indi- 
cate rcasonahlo  consistency  l)etwecn  digitaf  and  pen  and  ink  estimates. 
'Ilie  comparison  is  shown  by  simple  bar  graphs  in  Appendix  A for  tlie  above 
five  gage  locations  and  for  Daytona  Reacli  anu  hake  Worth,  Florida.  Ihe 
peak  density  for  all  seven  locations  occurs  in  the  same  or  an  adjacent 
period  interval  for  linth  digital  and  pen  aiu!  ink  estimates. 
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AlM’liNUiX  A 

i:XIM.ANATI()N  01'  SlIMMARIliS  01'  S I ON  1 1- 1 CjXNT  lllilClIT  AND  I’hRlOl) 

1 . Oer.eral  I'ormat  of  Summaries. 

Sij;nificant  heights  aiul  ])eriods  are  summarized  in  Appendixes  A- 1 
(U.S.  Atlantic  coast  gages),  A-d  (gulf  coast  gages),  and  A-3  (I'acific 
coast  gages).  hach  appendix  includes  a maj)  showing  gage  locations.  The 
data  summaries  are  ordered  according  to  gage  location,  from  nortli  to 
south  for  the  oceanic  coasts  and  from  east  to  west  for  tlie  gulf  coast. 

Hie  following  data  are  included  in  the  summaries  for  each  location; 

(a)  dage  history; 

(b)  number  of  records  analyzed  foi’  each  month  and  year; 

(c)  plot  of  nKinthI)'  maxima,  means,  and  standard  devia- 
tions of  significant  height; 

(d)  ])lot  of  monthly  means  and  standard  deviations  of 
significant  period; 

(c)  plot  of  annual  significant  height  distribution 
funct ions; 

(f)  plot  of  annual  significant  period  distribution 
funct i ons ; 

(g)  plot  of  seasonal  significant  lieight  distribution 
functions;  and 

GO  seasonal  and  total  joint  distribution  functions 
of  significant  heiglit  versus  period. 

2 . lix;')  1 anat i on  of  SuJiniiary  Formats, 

a.  Gage  Histories.  .A  tabular  history  of  the  wave  gage  or  gages 
which  acquired  tlie  data  is  included  in  the  summaries.  Tlie  histon' 
includes  !)ertinent  physical  information  about  tlie  gage,  tlie  gage 
supporting  structure,  and  dates  for  wave  records  obtained  with  no 
continuous  interruptions  longer  than  1 month.  Some  of  the  interrup- 
tions arc  documented  and  exiilained,  but  man\'  short  interruptions  in 
the  recording  sequence  arc  not  mentioned. 

b Numbj^r  of  Analyzed  Records . llic  number  of  analyzed  wave  records 
available  for  each  month  and  year  is  ]iresented  in  each  appendix.  Since 
pen  and  ink  records  taken  before  1971  were  made  at  4-hour  intervals,  the 
maximum  number  of  pen  and  ink  record  analyses  in  a 3U-day  month  was  180; 
the  maximum  number  of  analyses  in  a .3(i5-day  year  was  2,190.  Recent 


digital  I'ccords  liave  been  analyzed  at  b-hour  intci-vals;  therefore,  the 
maxiiiRira  nunil)er  of  digital  analyses  in  a 30-day  month  is  120,  and  in  a 
3li5-day  year  is  l.lbU. 

c . Mojaii  1 y Max  i ma.  Means,  and  S tandard  llcv  i at  ions  o f S i^n  i fi  cant 
Height.  Plots  of  monthly  significant  height  statistics  are  included  as 
figures  in  each  appendix.  Monthly  means,  identified  by  year  and  data 
t>'pe,  are  plotted  for  tlie  recent  and  reliable  data  from  each  location. 

The  range  of  monthly  standard  deviations  obtained  for  eacli  month  of  the 
year  is  also  shown.  Means  and  standard  deviations  are  included  onl>'  for 
months  witli  100  or  more  analyzed  pen  and  ink  records  or  (>0  or  more 
digital  records. 

ihe  maximum  significant  height  obtained  for  each  montli  of  the  year 
is  also  sliown  in  the  plots.  in  several  cases  two  maxima  are  plotted  for 
each  month,  one  maximum  for  digital  analyses  and  one  maximum  for  pen  and 
ink  record  anali'ses. 

Annual  means  and  standard  deviations  of  significant  height  are 
plotted  at  tlie  riglit-liand  edge  of  the  figures  for  the  more  reliable  and 
complete  \'cars  of  data.  A complete  plot  of  annual  height  statistics  is 
given  in  IMgure  17  of  the  text. 

The  data  for  Palm  Beach  and  Port  liueneme  were  obtained  by  an  old 
method  of  pen  and  ink  record  analysis  and  have  been  comiiensatcd  to  cora- 
pai'e  witli  data  obtained  by  recent  analysis  metliods  (tlie  compensation 
procedure  is  discussed  later  in  this  section). 

d . Monthly  Means  and  Standard  Deviations  of  Significant  Period, 
liacli  appendix  contains  figures  of  monthly  significant  period  statistics. 
Montlily  mean  significant  periods  and  tlie  range  of  monthly  standard 
deviations  are  plotted  for  the  same  months  and  in  the  same  format  as 

tlic  significant  height  statistics,  .\nnual  significant  period  statistics 
are  also  included  for  the  more  reliable  and  complete  years  of  data.  A 
complete  plot  of  luinual  period  statistics  is  given  in  Figure  18  of  the 
text . 

e.  .\nnual  Significant  Height  Uistribution  Functions.  Semi  log  plots 
of  annual  c.umulative  distribution  functions  of  significant  wave  height 
arc  included  as  figures  in  the  appendixes.  At  locations  where  more  than 
4 years  of  data  are  available,  the  distribution  functions  are  plotted  in 
clusters  of  from  one  to  four  curves,  with  the  origin  for  each  successive 
cluster  sjiaced  5 scale  meters  above  the  previous  origin.  A distribution 
function  corresponding  to  a relatively  complete  \’car  of  data  is  repre- 
sented by  a dasliline  common  to  all  clitstcrs.  Histribution  functions 
derived  from  liotli  digital  and  pen  and  ink  data  are  included  in  tlie  plots. 

In  most  years  with  less  than  l,b00  analyzed  pen  and  ink  records  at 
b per  day  or  less  than  700  analyzed  digital  records  at  4 per  ilay , annual 
significant  height  distribution  functions  have  been  omitted.  Iliese  cut- 
offs, discounting  years  of  pen  and  ink  results  less  than  75  percent 
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coiiii'/lete  and  yeai's  of  dijjilal  rosult'.  loss  than  18  porcoiit  coiiiploto, 
were  chosen  arhitrarily  a f t o i'  examination  of  tin-  data.  \ lenient  cut- 
off for  digital  analyses  seems  Justified  since  a diy,ital  estimate  of 
significant  lieiglit  is  moi'e  reliable  tlian  a pen  and  ink  e.'.timate,  and 
gaps  in  tlie  digital  anal\’ses  are  often  unrelated  to  wave  conditions. 

The  number  of  analysed  records  in  e;ich  year  is  listed  within  the 
boundaries  of  the  plot.  The  plot  for  I’t.  Conception,  California,  has 
been  omitted  because  insufficient  analyses  were  available  to  pi'ovide  a 
meaningful  annual  (.list  ribut  ion  function  of  significant  wave  lieiglits. 

Some  of  the  data  for  .Atlantic  City,  I'nlm  beach,  N'aples,  Fort  llucneme, 
and  Huntington  beach  were  obtained  by  an  old  method  of  pen  and  ink  record 
analysis,  and  com]iensated  to  compare  witli  data  obtained  by  recent 
analysis  mctliods  (the  compensation  procedure  is  discussed  later  in 
tills  section). 

f.  .Annual  Significant  Period  Distribution  Functions.  Bar  graphs  of 
annual  distribution  functions  of  significant  wave  period  obtained  by  the 
most  reliable  analysis  method,  preferably  digital  analysis,  are  presented 
in  eacli  appendix.  Many  of  the  graphs  indicate  the  range  of  percentages 
in  eacli  interval  olitained  by  an  older,  less  reliable  analysis  method. 

llie  median  period  for  Atlantic  coast  gages  is  generally  8 to  F 
seconds,  although  the  numlier  of  wave  periods  occurring  in  the  8-  to 
9-second  interval  is  exaggerated  b>'  the  digital  analysis  (see  Section  VJ . 
Tor  gulf  coast  gages,  the  median  period  ranges  between  2 and  6 seconds; 
for  Pacific  coast  gages,  the  median  period  is  generally  14  to  15  seconds. 

I'he  figure  for  Pt.  Conception  has  been  omitted  liecause  of  insuffi- 
cient d;ita. 

g.  Seasonal  Significant  lieiglit  Distribution  Functions.  I'igures 
showing  seasonal  cumulative  distribution  functions  of  significant 
lieight  for  several  individual  months  comliincd  are  included  in  eacli 
appendix,  llie  distribution  functions  represent  only  data  from  months 
with  100  or  more  analyzed  pen  and  ink  records  or  (>0  or  more  digital 
records , except  in  several  montlis  where  insufficient  data  were  available. 
The  distribution  functions  also  represent  analyses  from  one  homogeneous 
data  source:  Oigital  data,  pen  and  ink  data  analyzed  by  the  CHRC  metliod, 
or,  for  Palm  beach  and  Port  llueneme,  pen  and  ink  data  analyzed  by  old 
Bl.b  methods  and  suitably  comiionsated  by  regression  equations  (the  com- 
pensation procedure  is  discussed  later  in  this  section). 

h . .loi  nt  1>  i St  n but  ion  Functions  of  Signi  ficant  lieiglit  versus  Period, 
lable;  in  most  of  the  aj'pendixes  contain  1,5  tabuhir  joint  distribution 
functions  of  significant  height  and  period.  Results  are  sunmuirizcd  by 
month  with  (lO  or  more  digital  records  or  100  or  more  pen  and  ink  records, 
l.ach  table  uimti.irizes  monthly  results  from  1 to  1 years  derived  from  a 
Iwmogiiuc.u.:  data  source:  Oigital  data,  pen  and  ink  d;it;i  analyzed  by  the 

T|  l:(  method,  or,  for  Palm  beach  and  Port  llueneme,  pen  and  ink  d;ita 
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analysed  by  old  liHB  iiR'tiioils,  with  li'.'iglits  SLiUabl)'  compensated  l)>'  reyi'es- 
sion  equations  tdi^oussed  later).  The  nu)tithly  tables  oF  joint  distribu- 
tion functions  are  followed  by  a single  table  suimiiari  zi  ng  all  montlily 
dat  a. 


for  locations  with  sizable  quantities  of  both  digital  and  pen  and 
ink  data,  results  are  summarized  from  the  more  abundant  source  as  dis- 
cussed above.  Results  from  the  less  abundant  source  are  suriunarized  in 
an  additional  table  for  use  in  evaluating  e.xt  reme  conditions. 

fach  table  indicates  the  months  and  years  and  the  total  number  of 
ob..ervat  ions  rejiresented . Hie  main  body  of  the  talile  gives  tlie  numlier 
ot  observations  for  wliich  the  significant  heiglit  and  period  were  within 
the  specified  intervals.  All  numbers  in  the  interior  of  tlie  table  have 
been  normalized  to  give  the  number  of  observations  per  1,000  observations, 
'niese  numbers  can  be  converted  to  percent  by  dividing  liy  10. 

Marginal  totals  arc  also  included  The  row  labeled  "Total"  gives 
the  total  number  of  observations  out  of  1,000  wliich  fell  within  each 
specified  significant  height  interval.  The  coluiiui  total  gives  tlie 
number  of  observations  out  of  1,000  which  fell  within  each  sjiecified 
period  interval.  Observations  in  the  lowest  period  interval  usual  !>' 
represent  calm  conditions,  but  were  not  considered  in  normalizing  the 
column  totals.  The  cumulative  totals  in  the  tables  are  totals  of  the 
entries  in  the  "Total"  row  and  column. 

liach  entry  in  the  "Row  Average"  column  gives  the  average  significant 
height  for  all  observations  within  a specified  period  interval.  hntrios 
under  "tiolumn  Average"  arc  the  average  significant  period  for  all  obser- 
vations within  a specified  height  intenal.  The  row  and  column  averages 
are  useful  for  investigating  the  re  1 at  i onsh  i ]>  between  significant  heigiit 
and  jicriod.  For  most  ocean  coastal  locations  the  largest  s igni  f i c;uit 
lieights  are  usually  associated  with  inteniiedi ate  periods.  However,  the 
tables  show  no  consistent  simjile  relationship  between  significant  lieight 
ami  period.  A tendency  for  significant  period  to  increase  with  increas- 
ing  significant  lieight  is  apparent  for  gulf  coast  and  (.’hesapeake  Bay 
locations. 

At  the  bottom  of  each  table  is  a list  of  the  average,  variance,  and 
standard  deviation  of  both  significant  heights  and  significant  jieriods. 

The  type  of  data  and  gage  used  to  obtain  the  data  summarized  in  the 
table  along  with  other  remarks  are  footnoteil. 

1.  Compiensat  i on  for  Different  Pen  and  Ink  Analysis  Methods.  Results 
obtained  li\'  the  older,  less  reliable  methods  of  pen  and  ink  record 
analysis  discussed  in  Section  IV  are  included  for  several  locations. 

Iliese  results  arc  grouped  into  relatively  homogeneous  blocks  according 
to  the  method  of  anah’sis  and  the  person  performing  the  analysis. 

For  Atlantic  City,  Palm  Beach,  and  Huntington  Beach,  a 1-  to  d-month 
sample  of  pen  and  ink  records  from  each  block  was  reanalyzed  with  the 
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Cl.lsC  raclliuil.  lor  oacli  sample,  a linear  regression  eciuatiun  was  computed  1 

for  significant  lieight  estimates  obtained  b>'  tlie  two  metliods  and  for  --I 

significant  period  estimates.  IVliere  nccess;ir>',  tlie  ajipropriale  regres-  j 

s i on  eqiuition  was  tipplied  to  significant  wave  heiglit  statistics  obtained  li 

by  tlie  old  methods  of  ;in;il>'s  i s„  Regression  equations  from  tlu-  above 
locations  were  applied  to  dat.a  from  \’irginia  Beacli,  Naples,  and  Port 
llueneme  to  compensate  old  significant  wave  height  statistics. 

Significant  wa\e  period  statistics  obtained  by  the  old  methods  of 
pen  and  ink  record  anal\’sis  are  included  for  Palm  Beach  :md  I’ort  llueneme, 
iuit  have  not  been  coiiqiensated. 

Details  of  the  compensation  for  each  location  are  included  in  a 
t al)  ie . 

j.  Time  llistoiy  of  Significant  Height  and  Period.  Figures  for  an 
east  coast  loctition  (Atlantic  City)  and  a west  coast  location  (Huntington 
Beach),  arc  included  in  the  aiqicndixes  to  give  jie rsjtect i ve  on  the  time 
histor)'  of  significant  height  and  period  during  4 months  of  liigli  wave- 
act  i v i t >■ . 

k.  Month iy  Significant  Height  Distribution  Functions.  had;  curve 
in  the  plots  of  seasonal  significant  height  distribution  functions  repre- 
sents an  average  of  from  1 to  4 months.  A number  of  plotted  monthly 
significant  height  distribution  functions  are  included  in  the  appendixes 
for  Atlantic  City  and  Ikuit i ngton  Beach.  Ihe  monthly  distribution  func- 
tions are  plotted  in  the  stiindard  format  and  show  trends  toward  high  or 
low  wave  conditions  in  some  months,  but  also  show  considerable  varia- 
bility for  different  \'ears.  llie  plots  do  not  include  the  numlter  of 
analyzed  records  for  each  month;  however,  the  numlier  can  be  determined 
from  the  tables  listing  the  numlier  of  anal\'zed  records  for  each  month 
anti  year. 
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ATLANTIC  OCEAN 


Table  A 1.  CERC  wave  gage  Imtory  for  Coaii  Guard  Light  Tower,  Buzzards  Bay,  Massachusetts. 


I'abK'  A-J.  Nuni'or  of  analy-od  pen  and  ink  rocords  from  lUiz-ards  Bay 
‘lassachusotts  . * 


\n0 

YR  \ 

JflN 

FEB 

nflR 

RPR 

nflY 

JUN 

dUL 

RUG 

SEP 

OCT 

NOV 

□ EC 

TOT 

1963 

84 

101 

85 

124 

161 

1 18 

673 

1964 

50 

161 

123 

162 

176 

122 

158 

150 

145 

166 

66 

181 

1666 

1965 

183 

144 

182 

104 

39 

78 

86 

30 

84 

147 

179 

1256 

^From  7-minuto  records  taken  six  times  daily;  anal\'2od  In’  the  second 
Bi.B  metliod  for  I'.HiS  and  bv  tlic  CIIRC  method  for  19b4-b5. 


Means  aiul  staiulard  Jeviations  of  ua\c  period  from  lUizrards  Bav,  ^lassaehIlSetT 
determined  from  7-miniite  pen  and  ink  records  taken  six  times  daily. 
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Table  A-a.  Amiber  oT  analyzed  I’ecurds  froi.i  Atlantic  City,  .Tcu  .lersey.-* 


\H0 
YR  \ 
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fIflR 

RPR 

HRY 

JUN 

JUL 

RUG 
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NOV 

DEC 
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1957 

14 
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1958 

151 
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70 
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186 
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131 

1957 

1959 

1 14 

112 
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164 

152 

161 

163 
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173 
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136 
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93 
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138 

168 
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123 
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1961 

35 
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79 

136 

1 1 1 
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16 

2 

129 

168 
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1016 
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168 
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168 

141 
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169 

161 
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177 
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163 

181 

176 

179 

2083 

1968 

119 

119 

1969 

109 

106 

109 

115 

91 

71 

121 

121 

110 

92 

1044 

^Results  before  November  19b8  obtained  from  7-minute  pen  and  ink  records 
taken  six  times  daily;  analyzed  by  the  second  BfB  for  1957  to  Marclt  1904 
and  by  the  CHRC  method  for  April  1904  to  19o7.  Results  after  November 
1968  obtained  from  1 , 024-second  digital  records  taken  four  times  dail\’. 
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81 


tigurc  Maxima,  means 

New  .Icrsev. 


+ = computed  from  I ,(*-'^-ycconJ  digita]  wave  records  taken 

four  times  daily. 

* = determined  by  an  old  analysis  method  from  7-minute  pen 

ajid  ink  records  taken  six  times  daily  ;uid  compensated 
to  compare  with  results  from  recent  analysis  metliods 
(sec  Tallies  A-"  ;ind  A- 8). 

Unmarked  = determined  from  7-minute  pen  and  ink  records  taken  six 
times  daily. 


liyure  A-U.  Annual  cumulative  significant  height  distributions  from 
Atlantic  Cit>,  \ew  Jersey. 
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Table  A-7.  Comparison  of  results  from  different  pen  and  ink  wave 
record  analvsis  methods,  Atlantic  City,  New  .Jersey. 
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rean.ilyzed  by 
CfiU'.  metlioi' 
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betv.een 
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..'orre  1 at  i on  I C I P 


Significant  height  from  CliRC  method 
= A + B X (significant  heigiit  from  old  method). 

Significant  period  from  CFRC  method 
= C + D X (significant  period  from  old  method). 


1.90  0.73 


Table  A-8.  Regression  equations  used  to 
comjiensate  significant  height 
statistics  for  .Atlantic  Cit)’, 
New  .Jersey. 
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times  daily. 


I'igure  \-16.  '■lonthly  cumulative  significant  height  distributions  for 
Atlantic  Citv.  New  .lersev. 
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figure  A-17.  ‘lonthly  cumulative  significant  iicight  distributions  for 
Atlantic  Citv,  New  .Icrsev. 


Table  A- 10.  .Tiar.iber  of  analyzed  digital  records  from  Oiesapeake 
Bay-Bridge  Tunnel,  Virginia.^ 
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F-igure  A- 18.  Ma.xiina,  means,  and  standard  deviations  of  signifies 
I^ri  dge -Tunne  1 , \ irginia;  computed  from  1,024-sccom: 
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Figure  A-21.  Annual  significant  period  distributions  from  Chesapeake  Bav-  Bridge-Tunnel  , \ ii-ginia 
computed  from  1 , 021-sccond  digital  wave  records  taken  four  times  daily. 
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■igure  A-22.  Seasonal  summaries  of  cumulative  significant  height 
distributions  from  Chesapeake  Ba>’  Bridge-Tunnel, 
i'irginia;  computed  from  1,024-sccond  digital  ua\-e 
records  taken  four  times  dailv. 
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Table  A-13.  Number  of  analyzed  records  from  Virginia  Beach,  Virginia 
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Results  before  Novemlier  1968  obtained  from  7-minute  pen  and  ink  records 
taken  six  times  daily;  analyzed  by  the  second  BEB  method  for  1962  to 
March  1964  and  analyzed  by  the  CERC  method  for  April  1964  to  June  1968. 
Results  after  Novemlier  1968  obtained  from  1,024-second  digital  records 
taken  four  times  daily. 
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NOTIi : 
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Unmarked  = determined  from  7-minute  pen  and  ink  records  taken  six 
times  daily. 


■igure  A-25.  Annual  cumulative  significant  height  distributions  from 
Virginia  Beach,  Virginia. 
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'I'able  15.  Regression  equations  used  to 


compensate  significant  height 
statistics  for  Virginia  Beach, 
Virginia. 


1 Date 

Compensation  equations  (ft) 

1902  to  Mar. 

1964 

= '’-23  + 0.76  \\q]^^ 

Apr.  1964  to 

1968 

No  compensation 

\0T1; ; 

= estimate  of  significant  heigiit  tJiat 
would  have  been  obtained  by  the  CERC 

; metliod  of  pen  and  ink  record  analysis 

(based  on  reanalysis  of  2 months  of 

I data  from  Atlantic  City,  N’evv  Jersey). 

! ” significant  lieiglit  obtained  by  old 

j method  of  pen  and  ink  record  analysis. 

i 

I 
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Table  A-IT’.  Number  ot  analysed  records  from  Naj;s  lU'ad,  Nortli  Carolina 
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93 

•‘Results  before  November  1968  obtained  from  7-minute  pen  and  ink  record 
taken  six  times  daily;  analyzed  by  the  CORC  method.  Results  after 
November  1968  obtained  from  1,024-second  digital  records  taken  four 
tines  dalle. 
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I'igure  A-S9.  Means  and  standard  deviations  of  wave  periods  for  Holden  Beach, 
computed  from  1,024-sccond  digital  ua\c  records  taken  four  time 


NOT}-;: 

+ = comjnitod  from  1 ,024-,sccond  digital  wave  I'ecords  taken  four 

times  daily. 

I'i  gure  A-40.  \nnual  cumulative  significant  heiglit  distributions 
from  Holden  Beach,  North  tlarolina. 
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I ii;ure  \-41.  Annu.il  significant  period  di  st  ■ ihut : ons  ■ rom  Holden  Beach,  North  I'arolina;  computed 
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TatiU’  \-Jl.  Wave  vlimate  t'oj-  Holden  Beach,  \wrth  Carolina. 

Hi  St  ri  blit  itin  of  significant  lieig.lit  versus  peri"J 
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Table  A 


limber  o'  analyzed  records  from  Daytona  Beach,  l-lorida 


Results  before  November  19(>8  obtained  from  7-minutc  pen  and  ink  record 
taken  six  tines  daily;  analyzed  by  the  (iHRC  method.  Results  after 
November  llKiS  obtained  from  1,024-second  digital  records  taken  four 
tines  daily.  Results  for  Septcmlier  1971  to  December  1972  liave  not 
been  compensated  for  hydrodynamic  attenuation  due  to  submergence  of 
the  gage. 


Symbol  Year 


0 I 2 3 4 5 6 7 8 9 10  I I 12  Full  Year 

Month 

ligurc  A- IS.  ‘'a.xinia,  mcan.s,  aiul  standard  deviations  of  s i i;n  i f i '■'tint  height  from  Da>tona  Beach, 


cf 

5 

0 
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5 


PERCENT  GREATER  THAN  INDICATED 


NOTl: : 

+ = computed  from  1 ,0“'^"^t'conJ  digital  uave  records  taken 

four  times  dail>'. 

Unmarked  = determined  from  '’-minute  pen  and  ink  records  taken  six 
times  dai  1>'. 

ligurc  A-50.  Annual  cumulatix'c  significant  height  distributions 
from  I'aytona  Heacli,  i lorida. 


4 


HEIGHT  SCALE  IN  FEET 


F-'igure  .\-52.  Seasonal  summaries  of  cumulative  significant  heiglit 

distributions  from  Daytona  Beach,  Florida;  determined 
from  7-minute  pen  and  ink  records  taken  six  times  daily 
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PERIOD 

(SECS) 


SUHHaQV  for  aPR  65  APR  66  APR  67  APR  68 
HEIGHT  (FT) 

CiJH,  RO" 


0-1 

1-2 

2-1 

1-0 

0-5 

T07,* 

707  , t 

AVG,* 

.0 

• 1 .9 

27 

lOftO 

,00 

2. ft 

- 2,0 

lOftO 

.00 

2,5 

- 2.9 

1000 

.CO 

3,0 

- 3.0 

u 

0 

1000 

.50 

1.5 

- 1,9 

1 

1 

99b 

.50 

0 • 0 

• 0,9 

10 

1 0 

1 

22 

Q9u 

1 . 1 0 

5,0 

• 5,9 

17 

10 

20 

3 

7l 

972 

1,62 

6,0 

- 6,9 

1 5 

51 

02 

16 

1 

126 

90  1 

2.01 

7,0 

• T,9 

8 

12 

51 

21 

1 16 

775 

2.25 

8,0 

• A. 9 

20 

5b 

21 

20 

u 

133 

659 

1.95 

9. ft 

• 9,9 

10 

63 

20 

a 

129 

526 

1.59 

10,0 

•10.9 

55 

7? 

11 

6 

108 

397 

1,55 

11.0 

•U  ,9 

16 

59 

16 

6 

99 

209 

1.62 

12.0 

-12.9 

17 

21 

1 1 

6 

1 

61 

151 

1 ,69 

11.0 

-11.9 

6 

?0 

10 

6 

65 

90 

2.10 

10,0 

*10,9 

1 

6 

1 

10 

20 

25 

2,57 

15,0 

•15,9 

0 

.00 

16,0 

•16,9 

u 

0 

u 

1.50 

total 

209 

022 

251 

Ml 

7 

1.79 

CUM, 

total 

1000 

791 

170 

MB 

7 

COL. 

«vG, 

9 • OO* 

9,12 

9,09 

9,70 

8,90 

9.25 

average  sic,  height  a 1,79  FT 

VARIANCE  OF  SIC.  height  a ,69  ft  80 
standard  deviation  of  height  a ,9u  FT 


average  have  period  a 9,25  SEC* 

VARIANCE  OP  have  period  a 6.62  SEC  SO* 
standard  deviation  of  Period  • iccp 
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r 


r 


I 

I 

f 

I 

I 

L 

I 


t 

)• 

i 


6a?  oescAviTioNs 

Summary 

809  may  6b 

MAY  66 

MAV  67 

MAY  68 

Pf ojCO 

HtiCHT  (AT) 

(• 

tCS) 

Cum, 

an- 

0-1 

1-2 

2-5 

5-9 

9-5  5-6 

TOT  ,• 

TCT  ,• 

AVG.* 

.0 

- t .•» 

Tb 

lOOC 

.00 

2.0 

• ?.« 

looo 

,00 

2.S 

• ?.o 

1000 

.CO 

5.0 

• 5 . u 

lOOO 

• 00 

5.5 

- ^.0 

1000 

,00 

u . 0 

• 4,Q 

16 

18 

5 

90 

loco 

1.19 

5,0 

• 5,9 

a 

59 

10 

T9 

9fi0 

1.58 

6,0 

• *1,9 

6 

81 

lb 

a 

11“ 

88l 

1.67 

T,0 

• T,9 

12 

9? 

25 

22 

1 

185 

767 

1.90 

a.o 

- 

le 

122 

29 

2l 

5 

208 

609 

1.82 

‘>.0 

• 9,9 

26 

126 

28 

u 

3 

209 

596 

1.59 

10, 0 

•10.9 

7 

69 

1 

1 

86 

192 

1 .96 

u.e 

•11  .9 

15 

22 

ti 

1 

99 

106 

1.36 

12.0 

•12.9 

10 

26 

5 

5 

1 

98 

62 

1 .60 

15.0 

-15.9 

b 

u 

1 

1 1 

19 

2,21 

u.o 

•19,9 

3 

5 

3 

5.50 

total 

189 

619 

122 

►2 

7 1 

1,58 

COM, 

total 

1 000 

811 

192 

70 

9 1 

COL. 

AvG. 

a.69» 

8.95 

6.56 

8.79 

8.70  12.50 

0,99 

aVEBaOC  SIG. 

Mtl&MT  • 

1.56 

at 

AVf 9AG1 

NAVe  8(9)00 

• 6.99 

V*»IiNCE  Or  sio,  “tl6wT  ■ ,»U  ft  SO  Vi»I»NCE  OF  mvE  F£»I0D  • <l.0»  SEC  SO* 

8T»>.d*»D  OEVIiTION  OF  HEIGHT  ■ ,80  FT  ST»N0»l>0  0E*1»TI0n  OF  PE*IOO  ■ SfC« 

BESULTS  OBTtIHEO  FBOH  t.hinuTE  BEH  »H0  IN«  BECOBDS  TtKlH  »JTH  t BBtSSUBE 
«*VE  G»GE  UOCtTtO  »T  SUHGLO"  FIShIHG  PlfB 
• CFLHS  »Bf  0"ITTED, 


ue^  OflSEBViTIONS  SUHHiOr  >OB  JUK  65  JUH  66  JUH  6T 


BEBIOO 

(SECS) 


0*1 

1-2 

2»5 

. 0 

• 1.9 

55 

2,0 

• 2.9 

2.5 

• 2,9 

5.C 

- 5.9 

5,5 

• 5,9 

9.0 

• U , 9 

(i 

6 

5,0 

• 5,9 

17 

27 

6.0 

• 6.9 

10 

62 

23 

7,0 

• T,9 

2l 

98 

60 

8,0 

• 8,9 

56 

151 

«8 

9,0 

• 9,9 

5b 

106 

98 

10.0 

•10,9 

21 

Uti 

19 

1 1.0 

•11  ,9 

2 

8 

12.0 

•12,9 

9 

2 

u 

13.0 

•15,9 

19.0 

•19,9 

2 

total 

20b 

506 

253 

CUM, 

total 

1000 

79b 

268 

COL, 

AvG, 

8, 95* 

8.30 

0.51 

HEIGHT  (FT' 


CUM, 

WO* 

3*9 

9-5 

’OT.» 

TOT,* 

AvG.* 

1000 

.00 

1000 

.00 

1000 

.00 

1 000 

.00 

10^0 

,00 

1 1 

1000 

1.10 

9b 

089 

I.l2 

99 

9U9 

1.65 

6 

1 99 

8ub 

1.80 

12 

2 

351 

652 

1.73 

6 

206 

320 

1 .65 

86 

119 

1 .97 

2 

15 

28 

1.67 

2 

13 

15 

1 .85 

2 

.00 

2 

2 

2.50 

53 

2 

1.62 

35 

2 

8.99 

8.50 

8,91 

»VEB»GE  SIC.  HfjOHT  * 1.6E  ft  FVf»»GE  hfvE  BEBIOO  * 8.a|  SEC* 

VFBUNCf  Of  SIG,  height  ■ .60  FT  SO  v»OI*HCE  OF  »»VE  BfRloo  • ?,I1  SEC  SO* 

$T»ho*bo  OEVIfTION  Of  height  • ,TT  FT  STjnDfRO  OEVIfTioh  OF  berioo  ■ I, “5  SEC* 
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OUU  ObSES''»1  IONS 


SUBH4RT  rO»  JUL  65  JUL  66  JUL  6T 


»£«inD 

(SECS) 


mEISHT  (ET) 


CU". 


0-1  1-2 

2-3 

3*0 

TOT.* 

TOT,* 

iVG. 

.0 

- 1,0 

261 

1000 

,00 

2*0 

- 2,y 

1000 

.00 

2.5 

- 2.0 

1 000 

,00 

• 3,ii 

1000 

.00 

3.5 

- 3.0 

1000 

.00 

«.o 

• U .0 

5 2 

q 

1000 

.83 

5.0 

- 5,0 

2 5 

0 

qqi 

1.17 

b.O 

- b,o 

5 0 

7 

27 

982 

1 .61 

7.0 

• 7,9 

1 1 5u 

1 1 

7 

113 

95u 

1 .66 

0.0 

- 0,0 

72  101 

16 

5 

262 

8u  1 

1 .26 

<>.0 

. Q , q 

qq  170 

5 

5 

387 

57Q 

1,20 

1 0 , 0 

•10. 0 

«3  70 

5 

150 

192 

I.IT 

1 1 .0 

•11  .0 

5 1 1 

7 

50 

39 

1.60 

12.0 

•12.0 

2 

3 

3 

1.50 

T0T*u 

502  u^2 

50 

16 

1.08 

CUM, 

total 

tOOO  U96 

65 

16 

COL. 

AVG, 

o.l«*  0,11 

8.66 

8.36 

0,08 

average  sic,  hEICRT  • 1,06  ET  AVERAGE  RAVE  PERIOD  ■ R,0S  SEC* 

variance  Or  SIG,  height  ■ •Ru  ET  SO  VARIANCE  Or  rave  PERIOD  • 1 .“6  ICC  SO* 

standard  DEVIATION  or  height  * ,th  ET  STANDARD  DEVIATION  OE  PCPIOO  * l.il  SEC* 


results  obtained  EbOh  t-hIN||tC  pen  and  ink  records  taken  rIth  a 
«aVE  gage  located  at  SunglOr  riSHiNG  PIER 
* CalhS  are  omitted. 


Pressure 


166  Observations 


SU"“ARV  rOR  AUG  6S 


period 

(SECS) 


height  (ET) 


0*1 

1-2 

2-3 

TOT,* 

TOT,* 

AVG*' 

.0 

1 ,9 

331 

1 OOO 

.00 

2.0 

2.9 

1000 

,00 

2.5 

2.9 

1000 

,00 

3.0 

3. a 

1000 

.00 

s.s 

3,9 

1000 

.00 

u , 0 

u , q 

1 000 

.00 

5,0 

5,9 

1000 

,00 

6,0 

6,9 

b 

IP 

6 

ub 

1000 

1.50 

7 , 

7,9 

36 

60 

6 

153 

955 

1.21 

0,0 

0 ,q 

30 

19J 

6 

392 

602 

1.39 

9,0 

9 , 9 

30 

223 

578 

u59 

1,38 

1 0 , 0 

1 ft , q 

2u 

2u 

72 

81 

1 .00 

11,0 

1 1 .9 

6 

q 

9 

2.50 

TQTA 

L 

u58 

51  P 

20 

1,07 

CU“, 

T 0 T A L 

1000 

502 

20 

COL. 

AVG, 

0, 7u* 

0,00 

0,50 

8,81 

average  SIG,  “EIGHT  • 1,0T  ET 

variance  Dt  SIG,  “EIGHT  ■ ,6R  AT  SO 

standard  deviation  OE  “EIGHT  * ,E,u  ET 


average  rave  period  * B,S|  SEC* 
variance  or  »av(  Pr“IOO  * i*'  SEC  SO* 


standard  deviation  or  PERIOD  * 


,»*  SEC* 


m OBSCOVtTIONS 


JUMKiHY  F0»  StF  6S 


PE»IOO  height  (FT) 

(SECS) 


CL'M, 

80- 

0-1 

;■? 

2-i 

1-0 

9-5 

5-6 

TOT,* 

TOT,* 

*VG, 

• 0 

• \ 

1000 

,00 

2.0 

• 

1000 

.00 

• a.** 

1000 

,00 

3.0 

• 5.« 

1000 

,00 

3.5 

• 3,0 

1000 

.00 

iJ.Ci 

RP  U.O 

1000 

,00 

5.0 

- 5.0 

12 

60 

12 

02 

1000 

2,50 

6.0 

• ft.o 

?o 

52 

6 

6 

02 

008 

2.37 

T.O 

• T.O 

35 

35 

6 

12 

6 

02 

815 

2,62 

6.0 

• It, <9 

58 

35 

17 

12 

t 

V2T 

723 

2.50 

‘>.0 

. 

OO 

no 

23 

23 

23 

220 

595 

2.05 

to.o 

•10,0 

20 

6U 

6 

23 

17 

130 

376 

1.09 

u.o 

-1  1 .0 

23 

58 

12 

17 

23 

133 

237 

3,20 

l?.0 

-t2,o 

12 

23 

6 

17 

56 

lOU 

9.00 

i3.e 

•1  3,0 

12 

17 

6 

35 

96 

9 . : 0 

■ 1U,9 

6 

6 

12 

12 

9,00 

TOT*L 

225 

UU5 

no 

121 

08 

2.02 

CUM, 

tot*l 

1000 

1000 

775 

320 

220 

08 

COL, 

AVC, 

.00* 

e,8e 

8,88 

9,82 

10,50 

10, 7U 

0,12 

FVEPF6E  SIG,  height  • 2,42  FT  IvERFGE  HlvE  PERIOD  ■ R,]?  SECT 

VRRUNCE  Of  SIG.  height  m l.jj  FT  SO  V»RI*HCE  OF  H»VE  PERIOD  p SEC  SOP 

STfhOFRD  OEVIFTIOH  of  height  p 1.2U  FT  STlKDPRD  OEyIfTION  OF  PERIOD  ■ *•!«  8ECP 

results  oBtfInED  'NOh  T-hIhutE  pEn  ShD  IhR  records  TSREn  pith  « pressure 
HtvE  GIGE  LOCfTeD  it  SuRGLOh  FISHING  PIER 
p CiLHS  IRE  0"ITTEO, 


177  OpSEOViTIONS 

Summahv 

FQO  nCT  65 

PtQlOO 

height  (FT) 

(secs) 

CUM, 

HO* 

0-1 

1-2 

2«1 

3-9 

9*5  5-6  6*7 

TOT,* 

TOT,* 

AVU,* 

,0  • 1,9 

1000 

• 00 

2,ff  • 2,9 

1000 

.00 

2,5  • 2,9 

1000 

,00 

3,0  • 3,9 

1000 

• 00 

3,5  • 3,9 

loco 

.00 

a , 0 • 9,9 

6 

6 

lO^'O 

1 .50 

5,0  • 5,0 

1 

23 

39 

99(, 

2.17 

6,0  • 6,9 

6 

6 

95 

00 

U 17 

175 

060 

3,39 

7,0  • 7,9 

11 

17 

90 

1 1 

23  6 

107 

785 

2,67 

0.0  • 8.9 

51 

158 

28 

1 1 

17  n 

277 

678 

1,85 

9,0  • 9,9 

51 

39 

90 

17 

6 1 1 

150 

901 

2.09 

10,0  -lOjO 

1 

28 

20 

17 

85 

293 

3,10 

11,0  -11  ,0 

6 

1 7 

1 1 

6 1 1 

51 

150 

3,06 

12,0  -12,9 

39 

1 1 

17  6 

60 

107 

3.92 

11,0  -13,0 

1 1 

17 

6 

39 

90 

1,50 

19,0  wltt.O 

6 

6 

6 

2,50 

TOTAL 

129 

260 

259 

lO0 

Ob  62  6 

2.50 

cu“,  total 

1000 

876 

6 1 6 

362 

Ibu  66  6 

COL.  AvG, 

8,06* 

8.59  8 

,00 

0,71 

0,12  0,50  7,50 

6,87 

AV^RaGL  SIG 

HfIGMT  ■ 

2.50 

FT 

AV0OAGI  MAVe 

period 

p i.ST  8ECP 

»*01a^cE  or 

SIC.  height  p 

1 ,08 

FT  80 

VAOlANCe  OF 

"AVfc  PERIOD  • 

6,15  sec 

so* 

STlNOlRD  DERIITION  of 

HCICMT 

• 

.91  ^7 

STindiRo  DEVIiTion  op  pe“I0D  • 

irc6 
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NOV  t7 


DgSf  »yjTI0N»  SU»mBr  FDW  NOV  »«  NOV  NOV  66 

»l»IOD  mEIGmt  (M) 

(SECS) 

cu“.  «n- 


0*1 

1»2 

2-3 

5«o 

0-5 

5»6 

TOT,* 

TOT  ,• 

AVG,* 

»o 

5 

1000 

,00 

- ^.u 

1000 

.00 

• 2,0 

1 ooo 

.00 

1.0 

• 

1000 

,00 

l.S 

• 

1000 

,00 

u t 0 

• 

3 

2 

5 

1000 

.63 

s.o 

- 5,9 

2 

07 

16 

5 

70 

995 

1,05 

fi  • 0 

• b.9 

2 

50 

37 

1 3 

1 1 

122 

925 

2.29 

7.P 

• T.9 

2 

37 

05 

20 

10 

2 

120 

60o 

2.69 

fl.O 

• A, 9 

b 

79 

30 

32 

2l 

2 

175 

67b 

2,o3 

‘>sO 

. 

1 1 

9u 

bl 

37 

15 

3 

222 

501 

2.32 

1 0 , ft 

•10,9 

b 

55 

55 

23 

lb 

2 

136 

279 

2,00 

U.O 

•11.9 

b 

32 

21 

10 

5 

75 

101 

2.15 

l2.fl 

-12.9 

3 

10 

13 

3 

29 

bb 

2.0b 

n.o 

-13,9 

5 

3 

5 

3 

lb 

37 

2,o0 

i<i*o 

- 1 U , 9 

0 

3 

2 

3 

Ib 

21 

2,50 

15,0 

•15,9 

2 

2 

5 

1,50 

1 b , 0 

•19,9 

2 

2 

3 

3 

2,00 

total 

52 

027 

2b0 

153 

*»2 

0 

2,33 

total 

1000 

900 

521 

253 

100 

0 

0,95 

COL. 

AVG, 

9. 79* 

0100 

0.92 

9.11 

9.11 

9,10 

6VE86GE  SiG.  height  ■ J.33  ET  »vEO»GE  H6VE  PEBlOO  • G.P?  SEC* 

V»BI»Hce  Of  SIG.  HtlOHT  m 1,?0  FT  50  ViBUHCt  OF  »»VE  P|8I00  * «.>0  SEC  SO* 

ST»N0»«D  OEvIfTIOM  of  height  a I,o6  ET  ST»«.01»0  BEvIiTIOH  OF  PEPIOO  • i.O?  SEC* 

BEsOlTS  oBtfIhEO  Eiioh  T*hInuTE  pEh  »hO  In*  p£Co»08  T*«En  hITH  t PRESSU»E 
atVE  GFGE  LOClTEO  IT  SUHGLOh  FISHING  PIER 
* C»L"S  F.BE  OHITTEO. 


aeu  OBSEOVfTIONS  SU“h»8T  FQH  OEC  6U  BEC  66  OtC  67 


PE»I00 

fSECS) 


0*1 

1»2 

2-3 

.0 

- 1.9 

2.0 

• 2, a 

2,5 

• 2.9 

3,0 

- 3. a 

3.5 

• 3,9 

0,0 

• a • 9 

2 

5,0 

- 5.9 

23 

63 

b.O 

• 6,9 

2 

7u 

65 

7.0 

- 7,9 

66 

35 

6.0 

• ■ , 9 

2 

56 

56 

9,0 

• 9,9 

2 

93 

37 

10,0 

-10.9 

u 

60 

60 

11.0 

•11,9 

39 

16 

12.0 

•12,9 

2 

21 

29 

13,0 

•13.9 

10 

10,0 

•19,9 

2 

15,0 

•15.9 

2 

total 

12 

UOQ 

322 

CU*", 

total 

1000 

900 

579 

COL. 

AVC, 

9, 67* 

0.T3 

0.03 

height  (FT) 


Cu^* , 

PO- 

5-6 

6-5 

5-b 

TOT,* 

TOT,. 

AVG. 

1000 

,00 

1000 

,00 

1 ooo 

,00 

1 ooo 

,00 

1000 

,00 

2 

u 

1 oo'o 

3,00 

6 

72 

99fe 

2.27 

52 

2 

l7b 

92tt 

2.37 

60 

12 

6 

lb? 

760 

2,b0 

19 

21 

1 (J9 

501 

2.51 

33 

155 

632 

2.15 

25 

b 

150 

277 

2,3b 

1 0 

2 

bb 

167 

2.12 

u 

5b 

0} 

2,13 

u 

16 

25 

2.79 

b 

9 

10 

3.25 

2 

2 

2,50 

209 

«3 

U 

2.37 

25b 

60 

6 

0,55 

0.55 

7,50 

0.72 

»VE"»G(  Sir.,  HEIGHT  a ?,3T  FT 
V*“I4NCE  OF  SIG,  height  a ,56  ET  SO 
SE»N[)fNO  0EVI»TT0N  of  height  a ,93  FT 


FVEBFGE  «*VE  PEBIOO  a i,T?  SIC* 

VlPllNCE  OF  HFVE  PERIOD  a 6. 96  SEC  SOa 
st»no»rd  oevution  of  pe»iod  ■ Eiii  see* 
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K>V  M THSOTCI  HU 


Hf*IOO 

(IlCtI 


fU— *•*  HC»  15  HDirTHS 

xic«t  crti 


••1 

t«2 

2^1 

3«4 

• U4 

•4 

a.o 

- 2.« 

• 2.4 

1,0 

• S.4 

1 

S«9 

• S.4 

4.0 

• 4.4 

s 

• 

t 

9.0 

• 9,4 

7 

S0 

17 

3 

*•0 

- 0,4 

7 

50 

3* 

IT 

7.0 

- T,4 

4 

58 

• 1 

21 

• «0 

• 0.4 

21 

88 

30 

10 

4.0 

• 4,4 

20 

tot 

37 

10 

to.o 

•10.4 

15 

54 

3l 

11 

II.0 

•11.4 

7 

30 

If 

7 

12*0 

• 12.4 

5 

|4 

14 

5 

is*e 

•IS. 4 

1 

0 

11 

• 

t0*0 

•14.4 

1 

s 

2 

1 

|9*l 

•IS.4 

t0«0 

•10.4 

t 

t 

TOTAL 

155 

• 54 

2*« 

113 

cu». 

total 

1000 

0A5 
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e A-32.  Auiiber  of  analyzed  pen  and  ink  records  from  i’alm  Beadi 
i'lorida . ^ 
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From  7-minute  records  taken  six  times  daily;  analyzed  by  the  second 
PCB  metliod. 


PERCENT  GREATER  THAN  INDICATED 

)Ti:: 

’ = determined  by  an  old  analysis  method  from  7-minute  pen  and 

ink  records  taken  six  times  daily  and  compensated  to  compare 
with  results  from  recent  analysis  methods  (see  Tables  A-54 
and  A- .15). 


Figure  A- 55. 


Annual  cumulative  significant  height  distributions 
from  Palm  Beach,  Florida. 


Figure  A-56.  Annual  significant  period  distributions  from  I'alm  Beach,  Florida;  determined  by  an 
old  analysis  method  from  7-minute  pen  and  ink  records  taken  six  times  daily. 


NOTIi  : 

* = dotennined  by  an  old  analysis  method  from  7-minute  pen  and 

ink  records  taken  six  times  daily  and  comjiensated  to  compare 
with  results  from  recent  analysis  methods  (see  Tables  A- 34 
and  A- 35). 


Figure  A-57.  Seasonal  summaries  of  cumulative  significant  height 
distributions  from  Palm  Beach,  Florida. 


HEIGHT  SCREE  IN  FEET 


rahU'  A-S.-i.  Wave  climate  For  Palm  Ileach,  lloriila. 

Hist  ribnt  ion  oF  Hij^niFicant  hei‘;ht  versus  perioi' 
(in  ohserwit  i ons  per  1,(P'''  observations). 
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Table  A-34.  (,'oinpar  i son  of  results  from  different  pen  and  ink  wave 


record  anal>'sis  methods,  i’alm  Beach,  Florida. 


I'ates  of 
data  sample 
rea.nalyzed  b\' 
CFRC  method 

[ Significant  heights^ 

Significant  periods^ 

(!orre  lat  ion 
between 
heights 

A 

(ft) 

B 

Cor re lat i on 
between 
periods 

C 

(s) 

I) 

Feb.  19 bO 

0.91 

0.04 

0.81 

0.77 

1.07 

0.83 

^Significant  height  from  the  CFRC  method 
= A + B X (significant  height  from  old  metiiod)  . 

^Significant  period  from  the  CFRC  method 
= C + D X (significant  period  from  old  method). 


Table  A-.35.  Regression  equations  used  to 
compensate  significant  height 
statistics  for  I’alm  Beach, 
Florida. 


Year 

Compensation  equations  (ft) 

1959  to  1962 

” 0 . 04  + O.Sl 

.NOTH: 

= estimate  of  significant  height 
that  would  have  been  obtained  by 
the  CFRC  method  of  pen  and  ink 
record  analysis. 

’'''■OLD  ~ significant  heiglit  obtained  by 

old  method  of  pen  and  ink  record 
analysis . 


Table  A- 37. 


Niunher  of  analyzed  i-econls  fron  l.ake  IVortli,  Horida 


\ 

yr\ 

JflN 

FEB 

riFlR 

APR 

(IflY 

JUN 

JUL 

flUO 

SEP 

OCT 

NOV 

DEC 

TOT 

1966 

68 

157 

184 

178 

165 

164 

170 

174 

111 

38 

177 

166 

1751 

1967 

185 

167 

186 

151 

182 

149 

185 

89 

1274 

1968 

88 

88 

1969 

100 

108 

gg 

71 

87 

67 

109 

117 

107 

59 

924 

1970 

1971 

40 

110 

88 

238 

1972 

1973 

28 

36 

44 

58 

42 

208 

1974 

94 

64 

10 

26 

60 

109 

113 

476 

1975 

97 

^Results  before  Movember  1908  obtained  from  7-minute  j>en  and  ink  recoiab 
taken  six  times  daily;  analyzed  by  the  CliRC  method.  Results  after 
November  1908  obtained  from  1,024-second  digital  records  taken  four 
tines  daily. 
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3 4 5 6 7 8 9 10  II  12  Full  Year 

Month 

'■laxiirui,  means,  and  standrn\l  deviations  of  significant  height  from  hake  Kortii 


Month 


PERCENT  GREATER  THAN  INDICATED 


\OTI;: 

+ = computed  from  ], 024-second  digital  wave  records  taken 

four  times  dail)'. 


Unmarked  = determined  from  7-minute  pen  and  ink  records  taken  six 
times  daily. 


I’igure  A-bO.  Annual  cumulative  significant  hciglit  distributions 
from  l.ake  Worth,  Florida. 


PERIOD  (SEC) 

I'Ljiure  A-61.  .\iinual  significant  period  distributions  from  Lake  Worth,  I'lorida. 


Figure  A-62.  Seasonal  summaries  oF  cumulative  significant  height 
distributions  from  Lake  Worth,  lUorida;  computed 
from  1 , 024-second  digital  vvave  records  taken 
four  times  daily. 
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Table  A-aS.  lVa\e  eliiiate  for  Take  Worth,  Tloi'ida. 

b i s t r i but  i on  of  s i gn  i f i eant  lu'i^ht  x'ersns  uc-rii.' 
I in  obseinat  i ons  per  l,'V)n  obsei'vat  i ons  ) . 


1«<  0BS(«V<TI0hl 


Fn*  JtN  »«  }A»  7* 
ilB,  HEICHT  (FI7 


0»1 

1-2 

2»S 

l»9 

9«8 

8^6 

TOT,9 

TOT.9 

9V6.8 

0*0 

1000 

0,00 

ItO 

• l.« 

1000 

0.00 

2*0 

• ?.0 

8? 

8 

62 

1000 

1.88 

3«0 

• 

18 

87 

87 

8 

1S9 

93" 

l«"B 

- 

26 

86 

189 

82 

2SS 

809 

2.38 

3*0 

• 

8 

18 

91 

77 

26 

10 

178 

882 

3.26 

b»0 

• h.% 

8 

8 

8 

21 

10 

06 

376 

6,06 

r»o 

• T,0 

8 

SI 

8 

01 

330 

1.63 

0*0 

• 8.9 

18 

21 

18 

8 

10 

67 

289 

2.38 

• 9.9 

21 

• 1 

8 

8 

72 

222 

1,91 

10«0 

•!0,9 

10 

II 

18 

87 

199 

1.89 

llsO 

•11.9 

95 

0.00 

12i0 

•12.9 

8 

26 

8 

S6 

93 

1.80 

13.0 

•11.9 

87 

OtOO 

l<i«0 

•19.9 

88 

06 

87 

1 .80 

15*0 

•18.9 

10 

o.oc 

U.O 

•16.9 

8 

8 

10 

.80 

t7»0 

•17.9 

8 

0,00 

ia«o 

•18.9 

8 

0.00 

l«tO 

•19,9 

8 

0.00 

2o«e 

•ao.9 

8 

8 

8 

1.80 

2UO 

0.00 

total 

1 08 

871 

289 

199 

82 

SI 

2.28 

CU", 

TOTAL 

1000 

89? 

821 

2S2 

82 

SI 

COL, 

AVC, 

7.60* 

7,67 

8.2* 

8. IS 

6,20 

6,8S 

8.80 

AvCPACf  816. 

«ncMT  • 

2.29 

FT 

AvI  RACl 

• IVf 

FTtlDD 

■ 8 

V»9I*MCt  OF  »IG.  MtlSHT  • ).J(  FT  so 

S7»Fi0i»D  DfvlFTIOX  OF  HflcxT  • 1,15  FT 


Vl>>It><CE  OF  atyr  »l*tOD  a |0.««  SIC  SS* 
ST>X0F«D  OEVUTIDN  OF  PCmOO  ■ 3,1S  SEC* 


"ESULTS  OBTfISEO  F«0“  t07**Sf coin  OIOITfl  "ECOopS  T»KEH  «ITm  t ITt*  *13,  »NO  CONT,  al»t 
a*vE  OfCE  LOCFTFO  »T  *Un:CI*»L  FISminS  P1C», 

• CFCaS  tPE  OPITTtO, 


ITi  OBSEPVfTIOkS 


SLIMHiOy  FOP  FjB  6*  pf-B  74 
SIP,  HFlCiMT  (FT) 


0-1 

1»2 

2-3 

3-9 

U-8 

■ 

IT 

6-7 

TOT,* 

TOT,* 

AVG, 

0.0 

- ',9 

icon 

0 .no 

1 ,0 

- 1.9 

1000 

0,00 

2.0 

- 2.9 

6 

25 

6 

35 

UOft 

1 ,80 

3.0 

- 5.9 

6 

81 

|7 

108 

96S 

1 . 6 1 

<i.O 

• U ,9 

17 

6 

17 

6 

U 7 

86ft 

1.78 

S.C 

• 8,9 

12 

6 

29 

6 

17 

6 

76 

8 1 ii 

3,86 

6.0 

• 6,9 

23 

12 

58 

758 

2,17 

7.0 

• 7,9 

5S 

6 

ul 

705 

1 . 79 

8.0 

. ft, 9 

6 

17 

12 

6 

9 1 

665 

2,79 

9.0 

- 9,9 

12 

8" 

38 

6 

6 

116 

622 

2,00 

10.0 

•10.9 

12 

8" 

6 

6 

6 

87 

806 

1.77 

U.O 

•1  1 ,9 

U 1 9 

0 ,00 

12.0 

•12,9 

87 

91 

23 

12 

165 

U 1 9 

2,28 

U.O 

-1  U9 

288 

0,00 

U.O 

•U.9 

12 

U7 

69 

12 

38 

6 

6 

180 

286 

2,79 

18. n 

•18.9 

76 

0 ,00 

16.0 

•16,9 

U1 

6 

A7 

76 

1 .63 

17,0 

-17,9 

29 

0,00 

18,0 

•1",9 

29 

0.00 

19,0 

•19,9 

29 

0.00 

20.0 

-20,9 

25 

6 

29 

29 

1,70 

21.0 

♦ 

0.00 

total 

70 

(J9l| 

221 

110 

69 

29 

12 

2.29 

CU-*, 

total 

100ft 

950 

u 56 

218 

108 

91 

12 

COL, 

AVG, 

8,08* 

9,96  10 

.76 

8,87 

12,91 

8,10 

10,00 

9,99 

‘vtHir.f  SIG, 

hCIRnT  ■ 

2.29 

» T 

AvtMAGT 

• AVl 

Pf »I0D 

■ 9, 

99  |l 

*»»If‘'CF  of  SIG.  height  a FT  SO 

STfBOfPd  pfvI»TI0H  OF  height  a l,?l  FT 


v«»I»><Ct  OF  a»y(  "EPino  a i».l5  SEC  SO* 
ST»HD»B0  nlviFTION  OF  PEPiOp  a u,5T  SECa 


P'E- 


w 


Q9  0"SI  J0**5 


8 I C , Hf  IOnt  f ^ T ) 

{ 8KS1 

CO»*,  «U- 


0*1 

1-2 

2-3 

3-ti 

tt*5 

5»6 

TOT  ,* 

TOT  .• 

A*G, 

0.0 

• « R 

1000 

0.00 

1 .0 

« 1 ,Q 

lOOO 

0,00 

?.o 

- ?.R 

10 

I 0 

1 ooo 

t .50 

5.0 

• 3,R 

10 

10 

10 

50 

OOf* 

2.50 

- u . Q 

?0 

?0 

51 

30 

1 ?1 

060 

5.25 

5.C 

• 5,R 

10 

?o 

30 

20 

50 

2S3 

838 

3,02 

b • 0 

• h«R 

20 

20 

20 

61 

58ft 

2,85 

7.0 

- 7,0 

10 

10 

20 

5?S 

3,00 

8.0 

-8,0 

10 

71 

10 

?o 

1 I 

505 

I .86 

R . 0 

• 0,0 

20 

20 

20 

6 i 

30u 

2.50 

1 0.0 

•10,0 

10 

uo 

30 

1 0 

01 

555 

1 ,0a 

1 1 .0 

•1 1 .0 

?82 

0 ,00 

1?.0 

-12.0 

51 

51 

10 

1 1 

2r2 

2.1U 

13.0 

• 15,0 

131 

0 ,00 

1 u • 0 

-1(4,0 

uO 

81 

121 

151 

2.17 

15.0 

-\S,0 

1 0 

0,00 

l6.0 

•16.0 

1 0 

1 0 

1 0 

2,50 

TflT  »L 

30 

513 

?85 

?b3 

81 

50 

2,6* 

Cu-. 

TDTAE 

1000 

070 

657 

57R 

111 

50 

COL, 

AVG, 

6,17* 

0,?7 

10, S7 

0.2' 

5,63 

5.50 

b,(iO 

SIG,  Hfir.MT  ■ ^,61  M *VlP*l»t  "*Vt  PtOlOD  • 8.35  SEC* 

V*BUsct  0>  8IG,  hLIGmT  ■ i,2j  fl  8Q  V*«lASCf  0^  »**Vf  ^e^lOO  ■ StC  SO* 

STaNOa'^O  OEvIaTIOS  0*  HeIC«T  « Uto  r?  ST**iOA»D  n^VIATIO^  Of  HERIOD  • 5.5?  sec* 


^lIUwTS  ObTaISED  10?H*5FCOsn  OICItAL  ^’ecORuS  y^KlU  wiTm  a step  RtS.  CONT,  hlRl 

■AVg  GAOf  LOCATEo  aT  HysiciPAL  FIShINC  PlfR. 

• CAL'^S  ARfc  OMITTtO, 


181  0B8F«VaTI0N8 

period 

(StCS) 


summary  ^ nw  APR  6R  APR  71 
SIG,  hFIGhT  (FTJ 


CJ“. 

ROY 

0»  3 

1-2 

2-i 

3.U 

0.5 

5-6 

TOT  ,* 

TOT  ,* 

AVG,* 

0.0 

• .0 

1000 

0,0  0 

1.0 

- 1 .0 

6 

6 

1 1 

1000 

1 .00 

2.0 

• 2.0 

72 

55 

6 

lU 

980 

1 ,00 

5.0 

- 5.0 

17 

138 

72 

6 

252 

856 

1.70 

0*0 

* a • 0 

1 1 

1 0 

1 1 

6 

58 

62u 

2,50 

s.c 

. 5«,Q 

?8 

1 

22 

77 

55 

17 

2;c 

086 

5,32 

6.0 

• 6,0 

6 

1 

6 

6 

6 

3i 

276 

2.83 

7.0 

- 7,0 

1 1 

1 

22 

2u3 

1 ,00 

8,0 

- 6,0 

28 

17 

6 

6 

55 

?21 

1 . 30 

0.0 

- 0,0 

55 

28 

l7 

1 1 

68 

66 

1 .56 

10. 0 

-10. 0 

1 1 

22 

6 

10 

77 

1,50 

11.0 

-11.0 

30 

0,00 

12.0 

•12.0 

6 

6 

17 

28 

50 

1 ,O0 

13,0 

•1  5.0 

1 1 

0,00 

la.O 

• 1 u , 0 

6 

6 

• 

1 1 

1 1 

1 ,00 

total 

2)2 

loo 

2rO 

122 

66 

22 

2,05 

CU-, 

total 

1000 

7ft8 

«50 

210 

88 

22 

COL. 

AVG. 

5,05* 

S.2T 

5,21 

6,00 

5,50 

5,75 

5.5U 

Average  SIG. 

HflCMT 

• 2.08 

* 

average 

• AVE 

pioloo 

■ 5 

VaRIasCF  0*  SIG,  height 


l,5^  FT  SfJ 


STasOaRD  CFwIaTION  0*  keIG^T  t l,?5  M 


VAB!A»-Cf  0*  •AYE  pt»i<’0  • r.ra  sec  so* 

8Ta*<oa«d  nfviATio^  OF  Period  • 2.7*  sict 
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I 


1 

I 


I 

i 


1T5  8U"K4«*  »nH  >•»»  fcg  ,1 

Pt^IOT  SIC,  MtICMT  (»T) 

(SICS) 


0»1 

1»? 

l*u 

0.0  - .«» 

1.0  • 1.9 

h 

?.0  - ?.9 

1 T 

iu 

J.O  - i.9 

6 

97 

91 

6 

ii  • 0 • u • 9 

1 1 

h i 

S.O  • S.9 

1 1 

bT 

flO 

ub 

ft  « C • h • 9 

1 1 

59 

b 

T .0  - 7.9 

?s 

b 

9.0  • 6.9 

1 T 

f*9 

9.0  • 9,V 

u 

59 

IT 

10.0  -10.9 

^9 

t 1 

11.0  -M  .9 

W.O  -1^.9 

6 

total 

91 

upQ 

120 

Cu^.  total 

1 00'^ 

909 

U7<0 

1 9U 

COL,  AvO, 

6, 51* 

5,97 

!>,09 

9,90 

AVt«AGf  SIG, 

. Mtir.HT  ■ 

2.15 

TT 

T»»I»'.Ct  OF 

SIC,  HtlOMT  ■ 

I.n 

f T SO 

ST»ND4«0  PEvIlIION  OP  MtICMl  • 1,05 


CU-, 

HO- 

Umb 

9»6 

TOT  , • 

TOT.t 

Ayr.,' 

1000 

0,00 

6 

1000 

1 ,50 

bl 

9Q(i 

1.17 

200 

94s  1 

1 • 99 

1 1 

21  1 

7443 

2,56 

96 

1 1 

2bl 

551 

2,06 

6 

•)T 

260 

1.70 

29 

225 

1 .90 

66 

1 941 

1 .50 

65 

109 

1 .59 

ttO 

U6 

1 .79 

6 

0,00 

6 

6 

.50 

65 

1 1 

2,17 

79 

1 1 

.91 

S.50 

5,b7 

»VIR»Ot  "»Vl  Pl»100  • 5,5«  SFC* 

V4»i4»<a  OF  •jvf  •f'lro  • u,<ii  SIC  so* 

ST»»I0»«0  OlVUTION  OF  PtXIOft  • SEC* 


Results  obTjined  fro**  loJu-SfcONn  oioiTiu  nfronos  tjken  «itm  * step  res,  »’fd  cort,  pi*i 
• **f  C»Ct  L0C»TEB  »T  mo>,jCIP*l  FISmINO  PIE", 

• C»L“S  *PF  0-ITTED, 


(,T  OSSE»U»TIOnS 

8ut^**aHv 

FOH  JUN  69 

pfcpjoo 

910. 

Mf  ICmt 

77  7) 

(StCS) 

CU*-, 

0"1 

1-2 

2*' 

3*9 

fOT,* 

TOT  ,• 

Ayr.,* 

0.0  - .9 

UOO 

0,^0 

1 .0  • 1.9 

U5 

«•) 

1000 

1 .so 

2.0  • 2.9 

90 

15 

109 

95S 

1 .69 

3.0  - 5.9 

60 

269 

90 

935 

051 

1.57 

9.0  - 9 . 9 

15 

109 

75 

50 

229 

910 

2.05 

5.0  - 5,9 

75 

445 

15 

1 39 

1 Hu 

2.06 

6.0  - 6.9 

15 

15 

60 

1 .50 

7.0  - 7,9 

IS 

IS 

9S 

5.50 

6.0  - 6.9 

15 

15 

30 

50 

1 .00 

total 

90 

627 

229 

60 

1.75 

Cu",  total 

1000 

910 

269 

60 

Col,  avg. 

44,50* 

3.01 

9.17 

5,50 

9,05 

*Vto»5F  SIC,  MEI5HT  • 1,7J  FT  »VFP»CI  «**E  PEBIOO  * «,««  SEC* 

'<*»1*>»CF  of  sic,  -itIS"T  • ,u«  ft  so  V»pUNCE  0*  «»VE  Pt"lno  * 1,65  SEC  SO* 

ST*go»RO  OFVUTIO».  OP  miIchT  • ,6T  pT  ST»gD*RO  0EVUTI05  OF  PERIOD  * I, SR  SEC* 
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10«  OBSf  R*»TIO-<J  SUXKjHY  > 0«  JIJL  <>'’ 

PfUlOO  SIC,  xflCMT  (FT) 

(StCS) 


«•  1 

\»? 

2*5 

S>4 

0.0 

, 9 

1 «0 

1 ,9 

IP 

9 

• 0 

2.9 

5S 

119 

5.0 

5.9 

t>4 

229 

110 

4.0 

4.9 

9 

28 

46 

5.0 

5,9 

18 

9 

9 

. 0 

t,9 

2P 

T.O 

?,9 

9 

9.0 

P,9 

6U 

9 

9,0 

9,9 

5T 

28 

\ 0.0 

10,9 

18 

5T 

\ 1.0 

1 1.9 

12.0 

12.9 

18 

^OTiL 

3«9 

U77 

165 

9 

CU*^. 

TOTAi, 

1000 

651 

17“ 

9 

COL, 

*vC, 

6,16* 

«.35 

5,69 

5,50 

Average  sig. 

height 

■ 1,57 

FT 

V*»UNCt  OF  SIS,  MtlGMT  ■ ,«6  FT  SO 

ST»N04Bd  DfVijTION  OF  MlI6«r  • ,be  F 


CUH, 

TOT,* 

TOT,* 

*vG,» 

1000 

0,00 

28 

1000 

.85 

W« 

972 

1 ,18 

404 

79R 

1 .61 

83 

194 

1.94 

64 

312 

1 ,50 

26 

248 

.50 

9 

220 

.50 

73 

211 

.85 

64 

1 38 

.95 

55 

73 

1.17 

18 

0,00 

18 

18 

.50 

1.33 

4.90 

»vE»»6F  mtVt  FERino  • (l,»S  SEC* 

y»«I**‘CE  Of  «»vf  FERIOO  • 7,«^  ftc 

ST»NDA«0  ntVUTIOR  OF  FERIOB  • Z.BO 


S«» 

SEC* 


Results  obTjimo  erqb  io?«»SEco'<n  digital  Fecoros  taken  «itm  a step  res,  and  cont,  »ire 

•AFE  OlGE  LOCATED  AT  NUNICIRAL  FISHING  R1£R, 

• cal«b  ar|  o"Itteo, 


IIT  OBSERVATIONS 


SUMMERY  FOR  AUC  61 


RfRIOO 
(Sf  CS) 


0*1 

1»2 

0,0 

• .9 

1.0 

- 1,9 

2.0 

- 2,9 

9 

45 

5.0 

- 5.9 

17 

162 

4 . 0 

• 4,9 

26 

94 

5.0 

■F  5.9 

17 

9 

6.0 

• 6.9 

9 

9 

7.0 

• 7,9 

8.0 

• R.9 

9 

45 
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- 9,9 

51 

94 

10.0 
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43 

68 

1 1.0 
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12.0 
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9 

17 
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1“.0 
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9 

54 
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9 

9 
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AVG, 
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6,95 

SIG, 

MF IGhT 
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2«3 
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tot,* 

TOT  ,* 

AVG,< 

lOOO 

0,00 

1000 

0,00 

9 

60 

1000 

1 ,50 

68 

9 
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1.77 

60 

26 
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1 .92 

3“ 

60 
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1.79 

|7 

4 ] 9 

1 .00 
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0,00 

51 
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1.33 
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1.15 

9 
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1.21 

85 

0,00 

26 

85 

l.|7 

60 

0,00 

u3 

60 

l.SO 

17 

0,00 

17 

17 

1,00 
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34 

1.54 

21“ 

5« 
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4,25 

6,71 

AyEOAGE  SIG,  HfIG"T  R 1,56  ft 
VARIA^Ct  OF  SIG,  height  r ,«*  FT  80 
STanoeRo  OEyIaTION  of  height  r .sr  ft 


Average  mave  period  r 6,?i  sec* 
viRIANCf  OF  nave  period  • IJ.rS  sec  SB* 
standard  deviation  of  period  r S,67  secr 
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SIG, 
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l-a 

9«5 
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TOT  ,• 
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0,00 
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9 

9 
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9 

57 

9 

56 
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9 
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89 
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?8 

na 

95 

37 

9 
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9 

9 

?e 

56 
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19 

?e 
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9 
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as 
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9 

19 

ae 

ae 
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?99 
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9 

1.9a 
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U59 

1 UO 

9 

COL,  AVO, 

7,aa* 

5,69 

5,66 

6,66 

9,50 

6,06 

AytMAGf  SIG, 

MtIG«T  • 
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M 
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Tabic  A-39.  CERC  wave  ga^e  fusior)  for  Municipal  Pier,  Naples,  Florida. 


21  Sept.l  974|  1 8 Mar.  1973  Gage  discontinued. 


T;ibK' 


buiii'i'r  of  aii.ily.v.  il 


I'ocord'i  fi'on  .'.apl  , 


f lor i da  . * 


V n'F’ 

YR  \ 

JfiN 

FEB 

tlflR 

HPR 

nfiY 

JUN 

1957 

116 

1958 

124 

138 

131 

43 

93 

1959 
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60 

132 

1960 

186 

158 

184 
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1961 

1962 
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139 
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1963 

185 
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1964 

184 
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186 
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1966 

184 
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176 

101 

1966 

186 

43 

38 

180 

159 
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1967 

184 

167 

184 

177 

83 

1968 

1969 

83 

104 

98 

61 

81 

60 

1970 

1971 

32 

94 

88 

71 

1972 

94 

76 

99 

1973 

89 

66 

26 

64 

52 

1974 

31 

90 

68 

68 

78 

62 

1975 

78 

JUL 
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OCT 

NOV 

DEC 

TOT 
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186 

103 

183 
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157 

1069 

97 

171 

186 

185 
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1534 

123 

144 

112 

186 
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164 

1277 

186 

3 

125T 

186 

185 

176 
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2132 
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141 
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2108 
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186 

72 

184 

177 

186 

2080 

179 

186 

173 

186 

172 

183 

2069 

180 

164 

12 

98 

178 

182 

1597 

795 

92 

92 

109 

no 

102 

54 

862 

66 

36 

87 

76 

81 

619 

53 

66 

100 

114 

87 

669 

30 

37 

13 

377 

14 

83 

71 

86 

630 

^Result.  I'ofore  Nov'cmber  liHiS  obtained  from  7-minutc  pen  and  ink  records 
taken  six  tines  daily;  analyzed  by  tlie  second  BiiB  method  for  1937  to 
.'larch  19()4  and  analyzed  by  the  CliRC  raetliod  for  Apri  1 19b4  to  1907. 
Results  after  N'ovenher  19o8  obtained  from  1,074-second  digital  records 
taken  four  times  daily. 
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Symbol  Year 


F'igure  A-o5.  Means  and  standard  deviations  of  wave  j^criods  for  Naples,  Florida. 


YFAR-QnS 
19G^.-2080 
f-  1989-2108 
19G2-2132 
, 19'72-'?66* 
' 1969-954* 
”1956-1665 
-1965-2069 


DEC  68-OCT  69 


APR  66-MAR  67 


DEC  68-OCT  69 


MAY  72 -MAR  73 


PERCENT  GREATER  THAN  INDICATED 


computed  from  1 ,t)d4-.socoiid  digital  wave  records  taken 
four  times  dailv. 


determined  by  an  old  analysis  metliod  fi'om  7-minute  pe: 
and  ink  records  taken  six  times  daily  and  compensated 
to  compare  with  results  from  recent  analysis  methods 
(see  I'able  A-4d)  . 


Unmarked 


determined  from  7-minute  pen  and  ink  record: 
times  dailv. 


Annual  cumulative  significant  lieight  distributions 
from  Nap  1 es , F 1 ori da . 


;0D  (SEC) 

period  distributions  from  \aples,  Florida. 


.\0'|  T : 

+ = computed  from  1,024-second  dij^ital  wave  records  taken  four 
times  daily. 


Figure  A-68.  Seasonal  summaries  of  cumulative  significajit  height 
distributions  from  .\aples,  Florida;  computed  from 
1,024-second  digital  wave  records  taken  four  times 
dai ly . 
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Table  \-tl.  Wave  climate  for  b'ajiles,  Tlorida. 

I>  i St  r i hut  i on  of  significant  heiejit  versus  peru 
(in  observations  per  1,000  observations). 
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(SFCS) 

CU",  R0» 


0*1 

!•? 

2-3 

3*9 

««5 

TOT,* 

TOT  ,* 

ivG, 

0.0 

- .9 

1000 

0,no 

1.0 

- 1.9 

27 

9 

31 

1000 

.63 

2.0 

• 2.9 

69 

So 

9 

127 

969 

.98 

5.0 

• 5,9 

96 

150 

27 

9 

227 

892 

1.9S 

9.0 

- 9,9 

62 

25 

92 

12 

38 

615 

l.SA 

5.0 

- 5.9 

at 

69 

J5 

12 

8 

209 

977 

1.50 

6.0 

- 6,9 

92 

96 

8 

9 

100 

275 

1 ,23 

7,0 

• 7,9 

31 

31 

8 

69 

173 

1,17 

8,0 

- 6,9 

n 

58 

9 

9 

81 

109 

1 .95 

9.0 

- 9,9 

9 

9 

6 

25 

1 ,ftO 

10.0 

•10,9 

9 

9 

15 

.50 

11*0 

•11  .9 

12 

0,00 

12,0 

-12.9 

8 

8 

1? 

,50 

13. 0 

•13.9 

9 

0,00 

19,0 

•19,9 

9 

0,00 

15.0 

•15.9 

9 

0,00 

16,0 

•16,9 

9 

9 

9 

,50 

tdtal 

592 

958 

127 

55 

8 

1.33 

Cu“, 

thtal 

1000 

608 

169 

92 

8 

COL, 

«v&. 

5,02* 

5,09 

9.92 

5.39 

5,50 

5,05 

Average  sig,  height  ■ 1,31  ft  average  »ave  reriod  • 5,0*  sec* 

variance  of  sic,  height  ■ ,59  FT  so  VARIANCE  0*  RAVE  RERIOD  • «,5»  SEC  SO* 

standard  deviation  of  height  • ,T7  FT  STANDARD  DEVIATION  OF  RERIOD  * I,l«  SECi 


I8«  088IRVAT1UN8 

8UHH4RV 

FOB  M«B  69 

MAR  74 

B mo 

SIC, 

MflOHT  (M) 

(sres) 

eg*-* 

BO- 

0-1 

1-2 

2-  3 

a*0  TOT,* 

tot,* 

AVC,B 

0*0  • 

1000 

0,00 

i .0  • 1 ,<» 

96 

96 

1000 

,30 

^•0  - 2.9 

Su 

1 59 

90U 

,09 

^.0  • i,9 

Bli 

7P 

ttP 

6 

217 

76b 

1.39 

• 0 • <i  • 9 

IP 

36 

18 

10 

90 

Su0 

1 ,90 

S.O  - b.9 

66 

72 

12 

10 

169 

«50 

1 , 59 

b*0  • 6.9 

66 

72 

6 

6 131 

209 

1,22 

T.O  - 7,9 

30 

50 

6 

66 

139 

1,19 

^•0  » 9,9 

U 

U2 

6 

60 

72 

1 ,30 

9.0  <•  9,9 

6 

6 

12 

12 

2,00 

TOT*t. 

(iSP 

392 

96 

U8 

6 

1.25 

Cu“,  total 

1 000 

9«? 

131 

39 

6 

COL,  AVG, 

9^069 

3,52  « 

.73 

3.23 

6,30  9,69 

ivfRAoe  sic, 

, Ht IGHT  B 

1.23 

fT 

AVE  B*Ct 

BAVf 

Ft^lOO  ■ 9,72  8€C* 

VAf^lANCE  Of 

SIC,  htighT  I 

,60 

FT  SO 

TA«IA»JCf  OF  6AVE  FE^IOD  • «,b3  Stc 

SO* 

standard  deviation  oe 

height 

• 

.03  FT 

STa*«<DARD  dMIaTION  OF  FFBIOO  • 2,11 

see* 

XfSULTS  CBTjINtO  ►OOX  102«*SfCOND  HfcOBO*  T»KIN  kjTm  i 8Tt^  »tS,  *'*B  COXT,  .He 

•*»t  G»Gt  LOCtTCO  »T  m(JNICI^»L 
• C*L"9  *»f  OBITTfO, 


155  OB8eN*»TIO>gS  SUXMjHy  roR  »PB  fcR  yi 

RfRIOO  8IG,  MIIGmT  (fT) 

(S(cs) 

CO”.  «D» 


0-1 

!•? 

2-3 

3-9 

»0T,* 

TOT,* 

AVC,' 

0,0 

, 9 

1000 

0,00 

1 ,0 

1,9 

32 

6 

39 

1000 

.67 

2,0 

2,9 

77 

77 

133 

961 

1,00 

3.0 

3,9 

63 

116 

09 

J3 

277 

006 

1,66 

9,0 

9,9 

63 

32 

19 

32 

190 

329 

1,63 

3,0 

3,9 

97 

93 

6 

190 

381 

,09 

6,0 

6,9 

77 

63 

19 

161 

232 

1.19 

7,0 

7,9 

19 

19 

39 

71 

1,00 

0,0 

0,9 

26 

6 

32 

32 

.90 

total 

9b0 

161 

133 

93 

U2T 

CU«. 

total 

1000 

392 

101 

43 

COL. 

AVG, 

9,71* 

9,39 

9,40 

9.21 

9,31 

RVtR»G£  SIO,  H£IG”T  ■ l,i«  fT  »Vl»»8£  Mly£  P£RIOO  ■ «,55  SfC* 

. »»RI»nC£  0*  810,  HtlGHT  • ,8*  £T  SO  V»RI»NCC  >i*vf  PfRIOD  • j,*0  8CC  SO* 

E STPnDprO  DfvIATIoN  oP  height  ■ ,7s  RT  STAnOARD  deviation  op  period  ■ 1,70  Step 

( 

i 

I ' 

I 


t 


j«7  oust "*«7 IONS 


>0”  “*T  t'<  fwr  ;i  MAT  T2  MAY  73  MAY  7A 


810,  MflCHT  (TT) 


" 

0*1 

1-^ 

2*5 

ll-S 

TOT,* 

TOT,» 

AwG, 

0,0 

- , Q 

5 

loco 

0,00 

1 .0 

- 1 ,9 

59 

5 

til 

1000 

,S6 

?,0 

- ?.9 

95 

luS 

5 

291 

959 

1,12 

s.o 

- 5,9 

106 

150 

57 

1 1 

526 

71* 

1,93 

u , rt 

- b • 9 

59 

59 

21 

1 

101 

591 

1,93 

•>,0 

- ^,9 

65 

57 

19 

1S9 

290 

1,0  7 

6.0 

- 6,9 

iia 

26 

9 

1 

76 

13S 

1 ,10 

7.0 

• 7,9 

16 

6 

26 

S7 

,60 

a.o 

- P.9 

) 

11 

a 

25 

51 

1,72 

*».o 

- 9,9 

6 

0,00 

10,0 

-!0.9 

I 

5 

6 

.SO 

1 1 .0 

-M  .9 

S 

0,00 

la.o 

•l?.9 

s 

0 ,00 

l i.O 

•15,9 

9 

0,00 

1^,0 

•19*9 

S 

0,00 

IS.O 

-JS.9 

S 

0,00 

16,0 

-16,9 

5 

0.00 

1 T.O 

-17,9 

S 

0,00 

1^,0 

•!^.9 

s 

0,00 

1<».0 

•19,9 

s 

0,00 

^0*0 

-?0,9 

S 

S 

9 

,so 

♦ 

0,00 

total 

95M 

U 39 

109 

1 5 

9 

1»22 

Cu'<, 

TOT4L 

1000 

966 

127 

S 

COL, 

AVG, 

9,35* 

i,QO 

6 , liS 

5, SO 

S.90 

9. IS 

»Vt»iOf  810,  “tIONT  • l,J5  'T 
V««IanCE  0»  SIO,  "UOmT  ■ ,«J  fT  SO 

STanoiOO  OfYliTiON  OF  heicmT  • ,»5  FT 


Avt«»ot  mvt  »l»IOO  s u,18  8K* 

V»RI*NCl  OF  NAVE  FIHIOD  ■ U,06  SEC  SO* 

STaNCaRD  OEVIaYION  OF  PERIOD  • 2i01  8EC» 


"CSuon  obtained  fpom  |02R*SCCOnd  OIOITau  records  Taren  »iTm  a step  res,  and  conT,  aiRC 
“AVE  Oa*OE  located  at  municipal  PUR, 

• CALMS  ARf  OMITTEO, 


ISR  OBSEBYaTionS 


summary  for  JUN  »R  jiih  72 
810,  MEtCMT  (FTl 


0-1 

1*2 

2«I 

J«9 

9*5 

TOT,  • 

r&T,* 

Avr. , 

0,0 

- 9 

6 

moo 

0,00 

1,0 

- 1 .9 

P 

51 

51 

moo 

1,15 

2.0 

- 2.9 

69 

a? 

6 

IS6 

9ts9 

1.10 

5,0 

• 5,9 

9U 

\t>u 

SI 

I** 

510 

791 

1,92 

9 , 0 

- « ,9 

50 

57 

IS 

961 

1 ,50 

s,o 

• S,9 

56 

56 

II 

09 

Mi? 

1.21 

6*0 

• n , 9 

62 

6 

* 

15 

10« 

2S5 

1*15 

7,0 

•7,9 

la 

15 

51 

196 

, 7S 

6,0 

• 6,9 

50 

6 

76 

9S 

1 ,06 

9,0 

• 9,9 

1 9 

0,00 

10,0 

•10,9 

19 

0,00 

1 1,0 

• 11,9 

m 

0,00 

12,0 

•12,9 

6 

6 

m 

• 50 

13,0 

-15,9 

15 

0,00 

u.o 

• 1 9 , 9 

6 

6 

15 

,50 

IS.O 

-15,9 

6 

0,00 

16,0 

•16,9 

6 

0,00 

17,0 

-IT, 9 

6 

0,00 

16,0 

-16.9 

6 

0.00 

19.0 

• 19,9 

6 

0,00 

20,0 

-20,9 

6 

6 

6 

,50 

21.0 

« 

0,00 

total 

L6S 

909 

s* 

56 

19 

1,29 

CU“, 

total 

moo 

S55 

57 

19 

COL. 

AVG, 

5,96* 

5,a7 

R.iEl 

6,00 

7,17 

9 . TO 

AytMAOF  SIO,  mCIO-T  a l,JS  FT 

Variance  o'  sio,  -eiomt  r ,»6  ft  sa 
standard  deviation  of  meICmT  • .Pj  ft 


avFRAOE  mAVE  period  • R,YI  SEC* 
variance  of  rave  period  p 5,»1  SEC  SO* 
standard  deviation  of  period  ■ >,RR  SEC' 


V,  N 


109  OBSERVATION*  8U“'-49T  EO»  JUL  ft9 

SIG,  »*11&hT  fM) 

iitcs) 


n- 1 

!•? 

imi 

TOT,* 

9.0  • ,9 

1 .C  - 1.9 

96 

9 

S5 

2.0  • 2.9 

92 

73 

I6S 

J.O  • 5.9 

128 

69 

J7 

22R 

9.0  • 9.9 

1 IR 

2R 

9 

Ibb 

5.0  • 5,9 

202 

69 

266 

6.0  • 6,9 

101 

101 

7.0  - 7,9 

16 

18 

B.Q  • «,9 

9 

9 

total 

716 

259 

96 

Cum,  total 

1000 

269 

96 

COL,  AVO, 

9,56* 

S.77 

J.TO 

9.53 

AVtRif.f  SIC, 

HtlGMt  ■ 

.90 

FT 

VaRIascL  op 

SIG,  hlIGmT  • 

,2> 

FT  8(3 

3T4N04QD  OfVtA^ION  CR  miIcmT  • ,ue  rT 
«tSULTS  Obtained  E«0’<  l02tt«SfC0NO  digital 

■ IVE  G*r.t  located  at  municipal  Plt», 
• CALL'S  ARp  omitted. 


cu**,  MC» 

tot,*  avg,* 

joco  o.no 

lOOP  tbl 
9(«s  ,9y 

TBP  It  J C 
SSO  .79 
S9y  «7u 
\^b  ,*»0 

.so 

9 .SO 
• B3 


AVfRA&t  "avE  Pt»10D  • 9,37  Stc* 

variance  0^  *AVf  Pt«I00  • ?,19  Stc  83* 

standard  Deviation  Op  PCPIOO  P UR8  8tc< 

Records  tarln  "ith  a step  res,  and  cont,  ri 


IJO  observations 

P£H lOO 
(SKS) 


0,0 

, 9 

0*1 

1*2 

1 .0 

1 .R 

69 

2,9 

2.9 

100 

US 

5.0 

3.9 

1 1 8 

9S 

9.0 

9 * R 

55 

69 

5.0 

5.9 

175 

75 

6.0 

6.9 

7 5 

9 

7.0 

7.9 

9 

18 

0.0 

6.9 

18 

95 

9.0 

total 

9,9 

60R 

18 

516 

Cu-, 

total 

1 POO 

591 

COL. 

AVG, 

9,55* 

5,59 

SUMMARY  POR  A>iG  69 
810,  Mfir.MT  (fTj 


CU-, 

RU- 

2*5 

}«9 

TOT,* 

TOT  ,* 

*vc,« 

icon 

0,PC 

69 

1000 

.SO 

1«5 

R56 

.81 

9 

175 

791 

,87 

16 

i 36 

610 

1.23 

9 

255 

982 

,86 

62 

227 

.61 

27 

U5 

1.17 

9 

73 

11" 

1,56 

16 

9 

95 

95 

2.30 

69 

9 

.97 

7J 

9 

9,50 

9,50 

9,66 

Average  sic,  mCIChT  • ,gr  rr 
Variance  op  sic,  mlight  • ,ji  »t  so 
•TanoaPO  deviation  OE  MFIGmT  ■ rT 


AvEPACt  wave  Period  > a,s7  sic* 

variance  0»  rave  period  ■ 41. JR  SEC  80« 

standard  DLvIaTIOn  Of  periOq  ■ 2,10  SECp 


io<;  oBst«v»’ioss 


MO  srp  oo 


oMion  SIS,  heismt  (M) 

(SfCS) 

Cu",  "0« 


ft-l 

!•? 

2-J 

|OT,* 

TOT.a 

AVG|< 

0.0 

. Q 

lOOO 

0.00' 

1.0 

1 

u9 

49 

1000 

.so 

^.o 

IbT 

69 

22S 

9S1 

.80 

i.O 

147 

98 

20 

10 

2TS 

T2S 

1.11 

u 1 0 

98 

59 

20 

1ST 

«S1 

1.00 

5.0 

S,9 

lt>7 

10 

176 

294 

.S6 

b.O 

t,9 

09 

69 

lie 

.so 

T.O 

7.9 

^0 

20 

49 

• so 

8»0 

8.9 

?0 

20 

29 

• so 

9.0 

9.9 

10 

10 

10 

.50 

total 

T5S 

216 

10 

.82 

Cu-. 

total 

1000 

?6S 

49 

10 

COL. 

AVG. 

9.J9* 

«,oo 

3, so 

9.15 

PVtOiGE  SIS,  HEIGHT  • ,BO  ET  IVFOiSE  »»Vr  »EOIOD  ■ 0,10  SEC* 

**OUHCE  OE  SIS,  HEIGHT  • ,SS  ET  SO  viOlAOtE  OE  "EVE  PE«IOO  • l.tS  SEC  S0» 

STtHD«»D  OEVIE^IOH  OE  HEIGHT  ■ ,iis  ET  8T«HDA*I0  DETUTION  OE  PEOIOD  ■ IfkO  ICC* 

OCSULTS  OhTaIheo  EOO"  10<>O"Sec0H0  OIGITel  "ecOOOS  taken  kith  a step  pcs,  »nO  COnT,  kIRI 
HAVE  Gage  located  at  «unicipal  '’it», 

• CALHS  ARE  0"ITTE0, 


I 


•■TO  OBSEOVATIONS  SUHHaRT  EOO  OCT  T1  OCT  li  oCT  74 

PfoIOO  SIC,  height  (ET) 

(SECS) 


CUH,  oo» 


0-1 

1*2 

2-3 

3-9 

9»5 

TOT,* 

TOT.* 

AVG.' 

0.0 

. Q 

15 

1000 

O.PC 

1.0 

1 .9 

74 

7 

83 

1000 

.59 

2.0 

2.9 

1 89 

135 

7 

355 

9l7 

.95 

5.0 

5,9 

56 

104 

30 

7 

9 

2P3 

S8  4 

1.50 

4 . 0 

U.9 

3 5 

30 

11 

15 

9 

94 

580 

1 .70 

S.O 

5.9 

52 

70 

22 

9 

150 

286 

1.35 

6.0 

6.9 

48 

30 

T 

66 

1 3S 

1 .02 

7.0 

7.9 

1 1 

7 

15 

99 

.90 

8.0 

8,9 

IS 

1 1 

9 

50 

50 

1.13 

total 

493 

595 

81 

26 

7 

1 ,16 

CU*^. 

total 

1 POO 

507 

115 

35 

7 

COL. 

AVG. 

3,63* 

9,00 

9,S9 

9.36 

9,00 

3,88 

Average  SIG,  height  p |,i?  pt  average  kavC  RERIOO  p S,BS  sec* 

*A»lANCf  OE  SIC,  HEIGHT  p .Bi  ft  SO  VARIANCE  OE  PAVE  RIRIOO  P *,90  SEC  SO* 

Standard  deviation  OE  height  p ,?i  eT  standard  deviation  OE  PERIOD  • l.T*  step 


CHSfPVATlOSb 


f0»  NOV  TJ  NUV  7^  NOV  74 


I 00  S 1 C , Hf  ICmT  f f T J 

(Sf  CS) 

CO**,  “t" 


0-1 

1*2 

5*4 

4*9 

S*6 

TOT  , • 

TQT  , • 

AvG. 

0.0 

• ,9 

100'' 

0.00 

1 .0 

• 1 .R 

bO 

1? 

bU 

1 000 

.69 

?.o 

- 2,g 

05 

0 

25T 

9 Jb 

.94 

i.O 

- 5.R 

U6 

9? 

?T 

9 

177 

699 

1.45 

M • 0 

• ii  ,Q 

51 

IS 

12 

e 

b0 

S22 

1 ,6b 

s.o 

• N.R 

SO 

«s 

lb 

0 

16S 

4SU 

1 . 56 

b.O 

• b,R 

50 

so 

1? 

0 

Jl2 

209 

1 . 5R 

7 . 

- 7,9 

IR 

0 

b^ 

177 

1 . IR 

6.C 

- 6 ,U 

50 

51 

is 

00 

124 

l,?5 

• 9.9 

IS 

e 

?« 

56 

1.05 

10. 0 

•10. <3 

u 

u 

12 

1 ,so 

U .n 

• n .R 

0 

0,00 

l?.0 

- l?.R 

u 

4 

0 

1 ,90 

1 1.0 

• n.R 

4 

n ,00 

u , 0 

• t«,9 

u 

4 

it 

1 .90 

TOUl 

aSu 

«15 

t 04 

IR 

0 

U22 

Cum, 

total 

1000 

Sub 

1 n 

2T 

e 

0 

Col, 

AVG, 

a, 22* 

9,07 

S.bS 

5, SO 

o,oc 

4,90 

4,77 

AVfeWACF  SIC,  HpIC^T  ■ 1,2?  fT  AVFQACE  "4vC  **tfllOO  • «,7«  S^c* 

''i‘*l4NCE  OF  SIG,  hpiCmT  ■ jij8  PT  3Q  VARIANCE  OF  "AVf  ^t"IOO  • S*S5  StC  SO* 

STasoa^O  deviation  of  mpigwT  ■ ,7b  *T  STANDARD  DEVIATION  OF  PtfllOo  ■ ^*15  SEC* 

Results  oht*iseo  fro**  ioj^j^sfccnd  digital  records  taken  with  a step  res,  and  cont,  mi 
**VE  Cage  located  aT  municipal  RIE«, 

* Calms  are  omitted. 


SUS  OBSERVaTTOnS  sum-art  for  dec  60  DKC  71  DEC  72  DEC  74 

RtRICO  SIC,  HEIGHT  (FT) 

(sees) 

CuM,  «0" 


0-  1 

1«2 

2.3 

9.4 

9.6 

TOT  ,* 

TQT  ,* 

AvG,* 

0.0 

- . . R 

S0 

JOCO 

0,00 

1 .0 

- 1,9 

29 

9 

40 

lOCO 

.73 

2.0 

- 2,9 

64 

92 

6 

129 

960 

1 ,02 

5.0 

• J.9 

26 

S0 

12 

3 

lOS 

051 

1 *41 

4.0 

• U , 9 

29 

9 

23 

9 

74 

726 

1 ,67 

s.o 

- S.9 

104 

70 

20 

9 

li 

6 

24  i 

6S2 

1 .46 

6,0 

• 6.9 

122 

49 

6 

3 

191 

409 

. “9 

7.0 

• 7.9 

S0 

29 

92 

210 

,05 

0,0 

• 0.9 

30 

30 

12 

6 

90 

126 

1 . 14 

9,0 

• 9,9 

6 

9 

5 

10 

20 

2,55 

IC.O 

•10,9 

5 

3 

9 

2,50 

1 1 .0 

•11.9 

6 

0,00 

12.0 

-12,9 

6 

0 ,00 

15.0 

•15.9 

6 

0,00 

lu.O 

•14,9 

6 

0.00 

1S.0 

•IS. 9 

6 

0,00 

1 6.0 

•16,9 

6 

6 

6 

.so 

total 

535 

520 

90 

52 

U 

6 

i.ie 

Cu**, 

total 

1000 

467 

1 39 

49 

6 

COL, 

AVG. 

9,55* 

9,20 

9. 79 

6,09 

».!0 

5, SO 

5. SO 

AvEuaGE  SIG, 

HEIC-T 

■ 1.19 

FT 

Avf PAGE 

• AVE 

PEOIOO 

■ 9 

Variance  O*  SIG,  -eight  ■ ^75  ft  sq  variance  of  have  period  • u.sl  SEC  10* 
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figure  A-71.  Annual  cumulative  significant  liciglit  distribution 
from  Uestin,  florida. 
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HEIGHT  SCALE  IN  FEET 


Figure  A-73.  Seasonal  summaries  of  cumulative  significant  height 
distributions  from  Destin,  I'lorida;  computed  from 
1,024-second  digital  wave  records  taken  four  times 
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Symbol  Yeor 


Means  and  standard  deviations  of  wave  periods  for  tialveston,  Texas;  determined 
from  7-minuto  pen  and  ink  records  taken  six  times  daily. 


HEIGHT  SCRLE  IN  METERS 


Figure  A-76.  Annual  cumulative  significant  height  distributions 
from  Galveston,  Texas;  determined  from  7-minute 
pen  and  ink  records  taken  six  times  daily. 
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Figure  A-7i).  l,oeat  ' on  of  lillB-CliRC  wave  gages  along  the 
IJ.S.  Pacific  coast. 


Table  .\-50.  Number  of  analyied  pen  and  ink  records  from 
rt.  Conception,  California.^ 
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I'rom  7-minuto  records  taken  six  times  daily  and  analysed  by  the 
CHRC  method. 


Figure  A-81.  Means  and  standard  deviations  of  wave  period  From  I’t . Conception,  Calit'ornia 
determined  from  7-minutc  pen  and  ink  records  taken  six  times  daily. 
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Seasonal  summaries  of  cumulative  height  distribution 
from  I’t  . Conception,  Californi.i.  Iietcrmined  from 
■'-minute  pen  and  ink  records  taken  six  times  dailv. 
Kave  heights  may  be  low  due  to  old  gage  design  and 
ma i nt enance  d i ff i cul t i es . 
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California.  Wave  heights  may  he  low  due  to  old  gage  design  and  maintenance 
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liRure  \-S-l.  Means  ami  stamlard  dc\i.itions  ot’  wa\-o  periods  for  Port  liiienenie, 
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determined  liy  an  old  analysis  method  from  7-minutc  pen  and 
ink  records  taken  six  times  daily  and  compensated  to  compare 
witli  results  from  recent  analysis  metliods  (sec  Table  A-55)  ; 
wave  heights  may  be  low  due  to  old  gage  design  and  mainte- 
nance difficulties. 


Figure  A-85.  Annual  cumulative  significant  lieight  distributions 
from  Port  lluencme,  California. 
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Figure  A-86.  Annual  significant  period  distributions  from  Port  Ilueneme,  California;  determined 
by  an  old  analysis  method  from  7-minute  pen  and  ink  records  taken  six  times  daily 
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NOTi: : 

* = determined  by  an  old  analysis  method  from  7-minute  pen 

and  ink  records  taken  six  times  daily  and  compensated 
to  compare  with  results  from  recent  analysis  methods 
(see  Table  A-5S1. 


Unmarked  = determined  from  7-minute  pen  and  ink  records  taken  six 
times  daily. 

r-iizure  A-S?'.  Seasonal  summaries  of  cumulati\c  significant  hciyjit 
d ist  ritnit  ions  from  I’ort  llucncme,  California,  have 
heij;hts  may  be  low  due  to  old  saj;c  desipn  am' 
ma  i p.t  cnancc  difficulties. 
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I'ahle  Wave  climate  for  I’ort  Hiiencine,  California. 

Distribution  of  .significant  hci>;ht  versus  period 
(in  observations  per  1,001)  observations). 
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- ^»,9 

U 
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5 
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3 
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5 
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27 
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3 
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999 

2,05 

11,0 

-11.9 
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3? 
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5 

3 

3 
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U.o 
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27 

32 
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19 

5 

5 
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8 
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3 
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1 .86 

1«,0 

•10,9 

5 

5 

16 

3 

31 

39 

2.55 

1S,0 

-15,9 

3 
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,86 
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62 
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522 

305 

129 

62 

19 

8 

3 
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4VtR»Bt  SIG,  HflGxT  • 2,0(1  FT  »FfR*Ct  «*Vt  PfRIOG  ■ 9,66  8EC» 

V4RIFNCE  Of  SIG.  HEIGHT  • ,9|  FT  SO  V*"I»4Ct  OF  H»VE  P|H100  • T.T8  SEC  8S6 

ST«9p»H0  OE^IAIIOH  of  height  p ,95  FT  ST»ND4R0  DEVIATION  OF  PERIOD  • 2. T9  SEC* 


results  ORTfINED  PRO"  T-“I4UTC  pen  »ND  ink  records  T4K‘  n »ITH  t STfP  resistance 
have  gage  located  near  VENTURA  COUNTv  haRBOR  , 

• CALHS  are  0"ITTE0, 

WAve  helghta  nay  ba  low  dua  to  old  gaga  daelgn  and  nalntananca  difflcultlaa. 
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•14.9 

7 

13 

27 

97 

97 

3.05 

TOTAL 

27 

280 

207 

275 

67 

80 

7 

90 
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average  SIo,  height  1 2.51  FT  AVERAGE  HAVE  period  r S.JS  SEC9 

variance  of  SIG.  height  a t.02  FT  SG  VARIANCE  OF  have  PERIOD  i T.I6  SEC  SGa 

standard  Deviation  of  height  r i.oi  ft  standard  deviation  of  period  • 2,69  secr 
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»vf«*r.f  Sir..  HEIGHT  • ?,OS  PT  iVPRtGf  HPVf  PERIOD  ■ T.JJ  SECP 

VPRIP^CE  OP  SIG.  height  • ,9()  fT  SO  9»RI»HCt  OP  PAVE  Pt«IOD  P 1,01  SEC  SOP 

standard  DEVIATION  UF  mEiGhT  p ,9S  ET  STANDARD  DEVIATION  OP  PERIOD  • 1,19  SEC* 


RCSULIS  ObTaINEO  EPO"  ThhinuTE  pen  aND  INP  becO"DS  Taken  pith  a step  resistance 
PAVE  gage  located  near  VENTURA  COUNTy  maRBOR 
p C»L"S  ARE  0"ITTE0. 


Wpve  helghta  may  be  low  due  to  old  gage  dealgn  and  maintenance  dlf f icultiea. 
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standard  deviation  OE  height  a .ga  PT  STANDARD  DEVIATION  OP  PERIOD  ■ 2,01  SEC* 
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summary  JUl  bi 
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CUM, 
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0S7 
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i 
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8,25  6,50  6,50 

7,96 

AVtRAGt  SIC,  HflGHT  » j,6S  FT  AVCR*Gi  MAVt  PMIOO  ■ 7,06  9tC* 

variance  Of  SIG,  HtIGHT  a ,?Q  fT  90  VARIANCE  OF  ^AVf  RCRIOO  • 9,S6  BEC  80« 

standard  DfvlATlUN  Of  HEIGHT  ■ ,5<i  FT  STANDARD  DEVIATION  OF  PERIOD  ■ 3,09  lEC* 

results  obtained  From  7*mInuTF  PfN  AnO  IsF  oECCROS  taken  with  a step  REBiBTANCfc 
WAVE  GAGE  LOCATED  NEAR  VEnTuha  COunTv  haRBOR 

• CaLHS  arc  omitted, 

Wave  halghta  aay  be  low  due  to  old  gage  design  and  aaintenance  dlfficultiea. 


}S5  Observations  summary  for  aug  bi 
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AVERAGE  Sic,  HEIGHT  ■ j,qO  FT  AVERAGE  WAVE  PERIOD  • 7. IS  SEC* 

variance  Of  SIG.  HCIGMT  a ,(io  FT  SO  VARIANCE  OF  WAVE  PERIOD  ■ 9,99  SEC  80a 

• TanoaRD  deviation  Of  HEIGHT  a ,e>l  FT  STANDARD  DEVIATION  OF  RE»I00  ■ I|9|  8EC* 
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rOR  8fR  SfR  63 
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standard  DfVlATiUN  OA  MHr.HT  • ,67  FT  standard  deviation  or  PfRiOO  ■ ?.T1  sec* 

• eSULTS  ORTAINFO  7•►'I^UTt  PEN  anO  INK  ptCOROS  TAKfN  wIth  a STf*  RPSUTANCf 

"AV£  gage  located  NFaH  VENTURA  COUNTY  harbor 

• CAL“S  ARE  OnITTEO, 


Wave  heights  may  be  low  due  to  old  gage  design  and  maintenance  41f f Icultles . 
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Table  A-55.  Flegression  equations  used  to 
compensate  significant  height 
statistics  for  Port  llueneme, 
California. 


Date 

Compensation  equations  (ft) 

1901  to  Mar.  1964 
Apr.  1964  to  1965 

IteV  = 0.54  + 0.64  l\0LD 
No  compensation 

•NOTE : 


“ estimate  of  significant  lieight  that 
would  have  been  obtained  by  the  CERC 
method  of  pen  and  ink  record  analysis 
(based  on  reanalysis  of  2 months  of 
data  from  Huntington  Beach,  California) 

\^OLD  ~ significant  height  obtained  by  old 

method  of  pen  and  ink  record  analysis. 


Tabic  A-57.  Number  ot  analyzed  rccoj'ds  Irom  I't . ''lugu,  Talitornia 
(Clauc  No.  .N  ) . ^ 


M'rom  1 , 024-second  records  taken  four  times  daily.  Results  from  records 
taken  before  .lanuary  1973  have  not  been  compensated  for  li\-drod>aiami c 
attenuation  due  to  submergence  of  tiie  gage.  Results  taken  during 
.lanuary  1973  to  Oecember  1974  may  have  been  overcompensated  such 
that  significant  heights  are  up  to  20  percent  too  high  and  uave 
periods  tend  to  be  too  short. 


NOTH : 

+ = computed  from  1 ,024-sccond  digital  wave  records  taken  four 

times  daily;  results  may  have  been  overcompensated  such 
tliat  significant  heights  are  up  to  20  percent  high. 

Figure  A-90.  Annual  cumulative  signific.'uit  height  distributions 
from  I’t . Mugu,  Califomia  (Gage  No.  3). 
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less  than  4 seconds  have  been  omitted. 
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i)2.  Seasonal  summaries  of  cumulative  significant  height 

distributions  from  I’t.  Mugu,  California  (Gage  No.  3). 
Comiiuted  from  1,024-second  digital  wave  records  taken 
four  times  daily.  Results  may  have  been  overcompensated 
such  that  significant  heights  arc  up  to  20  percent  too 
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Table  A-SS.  Wave  climate  for  I’t . riuj;u,  California. 

bistrihution  of  siunificant  heirht  versus  period 
(in  observations  oer  1,I)0!)  observations). 
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V*RJ»NCE  OP  SIS,  HEIOHT  1 l.Rg  ft  so  V»RI*RCE  OP  P«VE  PE»IOO  • ET.O*  SEC  SO* 

ST»nd»R0  OEylpTfoN  OP  MEIOMT  ■ j.ai  ft  STfN0»R0  deviation  op  period  • 5, ED  SECp 


ikS  rmsEiivtTzaM 


lUMMtRV  >0R  MtV  T)  M«T  Til 


»fH]00  110,  MCIOmT  (FT) 

(•(cs) 


euK,  *0" 

0*1  1*1  i«i  s««  «»o  o»6  *>r  7mi  s««  f>io  ror,*  tot,*  «to.* 


0,0 

• ,9 

1000 

0,00 

uo 

• 1,9 

1000 

0,00 

2,0 

• 2,9 

1000 

0,00 

1.0 

- 5,9 

ITO 

J* 

12 

6 

22a 

1000 

2,69 

a,o 

• a. 9 

6 

1* 

6 

10 

776 

3,70 

s.o 

• 9.9 

1* 

12 

6 

6 

9 

as 

7e^ 

4,79 

b.O 

• 6,9 

* 

la 

9 

9 

12 

99 

697 

9,26 

7,0 

• 7,9 

12 

12 

692 

7,50 

6,0 

• 6,9 

12 

6 

6 

2a 

630 

4.29 

R,0 

• 9,9 

* 

9 

906 

3,90 

io,o 

•10,9 

6 

9 

600 

2,50 

1 1,0 

• M .9 

99U 

0,00 

12,0 

• 12.9 

16 

1* 

JO 

97 

999 

2,66 

1 3,0 

• 15,9 

927 

0,00 

u,0 

• 1«,9 

u* 

ll* 

18 

12 

261 

927 

3,22 

1S,0 

• 19,9 

267 

0,00 

16,0 

• 16,9 

1 JJ 

R| 

16 

6 

2a6 

167 

5,09 

17.0 

• 17.9 

16 

0,00 

16,0 

• 16,9 

16 

0,00 

19,0 

• 19,9 

16 

0,00 

20,0 

• 20,9 

12 

6 

It 

16 

3,63 

21,0 

0,00 

TOT»t 

16 

an 

*21 

97 

a6 

12 

2a 

9 

5.19 

Cum, 

TOTAL 

1000  1000 

RS2 

*0« 

166 

91 

a2 

30  6 

6 

COL, 

AVG, 

0,00912,90 

10. ai 

12.97 

10,36 

9.25 

9,00 

7,00  0,00 

9,90 

11,09 

»VE«*0E  JIS,  MtlOHT  ■ 5,ju  FT  »ve»»OE  N»VE  *E»IOD  • 10. 8S  lEC* 

T*OUnCE  of  SIO,  HEIShT  ■ l.UJ  FT  SO  VFHIfNCE  of  «»VE  period  • JO.**  StC  so* 

*T4N0i«D  OevijTION  OF  HEIShT  • 1,20  FT  8T»N0*P0  OEVUTION  OF  PE«IOO  • S.SO  SEC* 


ReOOUTS  OsTilNED  FHO"  102<I«>EC0ND  OIOITal  RECORD*  T4KEN  »ITM  t PRESSURE  IRO.  1) 
■*VE  OtOE  L0C4TEO  »T  1 MI  SE  OF  PORT  MUEREME, 

• e*L«*  »RE  OMITTED, 

Results  may  have  been  ovsr-coa^snsecsd  such  that  significant  heights 
are  up  to  20X  too  high  end  wave  periods  tend  to  be  too  short. 


162  0B8e**VATX0NS  SUMMaHV  POR  JUN  7S  JON  7a 

PERIOD  SIC,  HCICmt  (ET) 

(SECS) 

Cup,  pOw 


0»l 

1*2 

l-l 

l^a 

a*5 

9^6 

6*7 

7«6 

TOT,* 

TOT,* 

AVC,> 

0,0 

• .9 

1000 

0,00 

1.0 

• 1,9 

1000 

0,00 

2.0 

• 2.9 

1000 

0.00 

3,0 

• 3,9 

27 

71 

60 

1 1 

11 

16] 

1000 

1,23 

4,0 

• 4,9 

9 

9 

6|9 

1,90 

9,0 

• 9,9 

9 

27 

22 

5 

60 

613 

5,95 

6,0 

• 6,9 

9 

1* 

1 1 

31 

793 

4,67 

7,0 

• 7,9 

9 

9 

1 1 

720 

4,90 

6,0 

• 8,9 

9 

9 

S 

16 

709 

1,90 

9,0 

• 9,9 

It 

11 

692 

3,90 

10,0 

•10,9 

9 

9 

11 

22 

661 

2,79 

11,0 

• 1 1 ,9 

699 

0,00 

12.0 

• 12.9 

27 

77 

16 

143 

659 

2,96 

13.0 

• 13.9 

916 

0,00 

14,0 

•1«,9 

11 

201 

99 

1* 

266 

916 

2,77 

19,0 

• 19,9 

231 

0,00 

16,0 

• 16,9 

9 

66 

104 

JJ 

231 

231 

1,21 

total 

77 

496 

110 

RJ 

22 

11 

1 1 

1,10 

Cup, 

total 

1000 

1000 

921 

467 

1 JT 

44 

22 

1 1 

COL, 

AVG, 

0,00« 

9,71 

12,60 

11,12 

11.12 

6,90 

1,90 

3,90 

11.90 

*yEP*CP  sic,  HgXQMy  ■ 1,06  PT  *v(RaCE  *»*vC  PpRiOO  s 11,32  StC* 

»4»URCE  OF  SIB,  MtIBMT  • i,0l  FT  SB  V»RI4RCI  OF  *»VE  PIRIOO  ■ 2««**  *26  ••• 

•T4R0»»0  DFVI4TIOR  OF  meigmT  ■ 1,01  ft  ST»R0»RD  OEVIiTiOR  OF  PERIOD  ■ R.RT  SIC* 


i 


IU<**«*T  90*  JUk  M JUV  «• 
III*  Ml«Nt 


HI 

1*1 

!•) 

•o1 

707,1 

T0T.1 

A«0. 

• .1 

1000 

lid 

lOOA 

0,09 

• >.1 

1000 

0.00 

)•« 

. >.• 

1 

11 

I1 

>0 

111 

1000 

s.ll 

..0 

• «.• 

IS 

IS 

Obv 

S.10 

T.Q 

ll 

I1 

I* 

11 

Ml 

}.Ai 

11 

11 

Til 

1.10 

T.A 

• T.1 

1 

1 

IS 

TT1 

1.10 

• .9 

• 

II 

IS 

Taa 

i.io 

«.o 

• 9. 9 

l> 

IS 

Til 

1.10 

1 

1 

TaO 

1.10 

II. 0 

•llld 

7)1 

0,00 

II.O 

•11.1 

111 

I1 

111 

7S1 

I.1A 

1 1.0 

•n.« 

117 

u.o 

.19.9 

H 

1*1 

l|7 

sol 

917 

2.01 

11.0 

• 11,1 

HI 

lA.O 

.19.9 

101 

US 

11 

IIS 

HI 

l.l* 

IT.O 

• 11,1 

J1 

le.Q 

• t«*1 

11 

0,00 

11.0 

• 11.1 

|1 

lo.o 

•10.1 

SI 

1 

J1 

SI 

I«1T 

Il  .0 

0,00 

total 

11 

110 

111 

11 

1.10 

CU". 

roTat 

1100 

1000 

171 

All 

11 

COk, 

A*0, 

0,00«ll,Tl 

II. 11 

IS.M 

7.0 

u.o 

%■ 


' .*  / 


■.•■'/. ,r\ 


tvCttce  tti,  MeicMt  t «.«5  FT 

«t*l*NC(  OF  SI6,  H(I6Mr  • ,««  FT  10 

• T»N04*D  OCVUTION  of  miUmT  ■ •**  FT 


•vtFtOC  •1*1  F|*|00  • II. to  ICC* 

VaFliHCC  OF  MVC  FCtlOO  ■ I0.S9  <CC  Of* 

|TtS04«0  OliU^lOH  OF  F|«tOo  • OtCO 


■ lOWktO  OsFtl'^eO  FOO*  IOtl*IICO‘*0  OtOffAl  *tCO*09  T««ci  ■ITh  I FOIIIuOC  (NO*  II 
■ IvC  040C  kOCAtro  AT  I F|  n of  foot 
• CAkNO  A«c  O^tTFCO. 

tcault*  mt  haw  Omb  Brar-^v^anaataO  bucN  that  BliBldcaBC  h«l|hU 
•r«  *f  to  20X  too  kith  oBid  vovo  F**iAAo  coot  Co  ko  too  ahort. 


Ul  OB|r«VAT|Q*iO 


IU"'*ABT  FO*  AUO  7S  AU(  to 


•»1  |of  1*1 


III. 

niiomt 

(F^I 

CL«. 

•c» 

l-I 

!•< 

••t 

1*F 

for,* 

TOT, a 
1000 

i»S.« 

1) 

11 

|7 

It 

|l 

111 

lOOO 

1000 

1000 

A.tl 

1 

1 

)i 

10l 

•.?: 

1 

SI 

u 

1 

11 

710 

s.i: 

1 

St 

1 

It 

7|l 

A.T* 

1 

1 

701 

S.1S 

1 

• 

111 

It 

It 

111 

l.i: 

!• 

II 

1 

IT 

1lF 

i.lT 

•1 

>7 

11 

1S1 

ISO 

ISO 

s . * s 
I.1S 

llF 

111 

Stl 

111 

l.i* 

11 

11 

i* 

ii« 

7S 

171 

s.u 

|1 

|1 

o.:s 

o.t: 

u 

|5 

11 

|1 

o.ts 

s«i: 

107 

no 

111 

SI 

It 

o.t: 

s.ss 

VIA 

til 

117 

t1 

It 

.H 

11.10 

7.71 

s.ie 

A. It 

twit 

iveoAsr  tio.  •fle'^r  • i.io  rr 

•aAIAoCI  of  lie.  HllSMt  • ,tt  FT  10 
ItANOaOo  OCvtATION  OF  M|ttMT  • .Oo  FT 


iFitiOi  o«vi  Fftioo  0 11. to  irc* 

VaMancC  of  aavC  F(t|eO  0 II. Il  ICC  10* 

• T«N0A*O  OlVlATtON  OF  FCItlOo  o I.Ol  ICCi 


F|tUkT|  OlftTMO  F«0"  l«|l*ICCONO  OtOMAk  •ccOOD*  *A«tN  »1Tm  « FOlllu*!  (mO.  || 

•AVI  e«6l  kOCATfO  At  I ■!  If  OF  FOOT  Mu(n|M|« 

• eAk»B  Aif  cnTte* 


r*  1 


•*»  "W 


>b  0BSE»V»T10nI  6fB  T1 


^e»ioo 

Ms. 

height 

f7T) 

(»EC8> 

CU". 

*0* 

P-l  l>?  2>S 

leS 

Uv5 

5*6 

TOT,* 

TOT,* 

pyc.* 

0.0 

• 

1000 

0,00 

IfO 

• 1 

1000 

0.00 

3,0 

• 3,9 

1000 

0.00 

1.0 

• 

ES 

ST 

9J 

«T 

309 

1000 

R.2I 

4|0 

• 4.9 

12 

12 

T91 

l.SO 

9|0 

• 5,9 

TT9 

0,00 

6.0 

« 6,9 

\3 

\3 

25 

779 

1.00 

T,0 

• y,9 

75b 

0.00 

OiO 

• e,9 

21 

12 

55 

75b 

2.B1 

f.o 

• 9.9 

721 

0,00 

IQ,0 

•to, 9 

21 

\Z 

55 

721 

l.lT 

1 1 ,c 

•11,9 

b8b 

0,00 

13,0 

•12,9 

21 

|2 

35 

b8b 

2.B1 

n,o 

• tJ.9 

b51 

0,00 

U|0 

•!«.9 

ITS 

TO 

13 

25b 

b5l 

2.B* 

\l,0 

• t5«9 

395 

0,00 

1»«0 

•!9.9 

ISO 

ITS 

ei 

395 

395 

1.11 

total 

SOT 

120 

?09 

58 

1.S2 

CU-, 

total 

lOOO  1000  1000 

SOI 

?67 

58 

CCL. 

AVC, 

0.00*  0.00  11. BT 

1 1.1* 

9.7E  4 

• to 

U.2T 

*vEi)»Gt  5IG.  HEIGHT  • J.J8  n »vfR*G{  alvE  PfRiOB  ■ If.iS  StC* 

''•RI*hc(  Of  SIG,  height  • ,TS  fT  SG  VlRIiNtf  Of  UVE  fERIOB  • ?*■!?  SEC  SO* 

STanChOD  OEvIjTion  Of  hejcmT  • ,*7  fT  ST»KDiRD  BtvUTIO>.  OF  FERIOO  • StJf  SEC* 

Resolts  OBT|lI^Eo  f“o"  lo^il•srco^n  oiGiTft.  Records  t»keh  "ITh  * pressure  (ho,  ij 

«1»E  GjGE  LOCfTEO  iT  i »I  Sf  Of  PORT  HuEHfHE, 

* C»L«S  »Re  O“ITTE0t 

Results  laay  have  been  over-compensated  such  that  significant  heights 
are  up  to  20Z  too  high  and  wave  periods  tend  to  be  too  short. 


155  O0$ERVATIONI 

IUHmaRY 

POR  OCT 

73 

OCT  Ts 

PC9100 

lie. 

height 

(FT) 

(•fC8) 

Cu",  "0» 

0*1  lv2 

1*1 

3-4 

Sel 

5-b 

*>T  TeS 

8-9 

TOT.* 

TOT.*  AyG,* 

0.0 

• .9 

1000  0,00 

1 lO 

• J .9 

1000  0,00 

2.0 

• 2.9 

1000  0.00 

3.0 

• 3,9 

b 

lol 

84 

2* 

19 

11* 

1000  1.2B 

(i.O 

* <i,9 

6 

* 

T*1  1,50 

5.0 

• 5,9 

19 

11 

12 

755  1,«0 

b.O 

• b,9 

11 

* 

13 

* 

b 

s, 

T21  5,1* 

7.0 

• 7,9 

*TT  0,00 

6,0 

• 6,9 

*TT  0,00 

9,0 

• 9,9 

*TT  0.00 

10,0 

• 10,9 

1* 

b 

2* 

*77  2,75 

1 1 lO 

• 11,9 

*52  0,00 

12,0 

• 12,9 

52 

b 

58 

*52  2,61 

13.0 

• 13,9 

59S  0.00 

u.o 

• 14,9 

32 

lOl 

84 

11 

b 

* 

2S5 

59U  1,00 

15,0 

• 15,9 

1«B  0,00 

16.0 

• lb, 9 

1 SB 

142 

11 

13 

11* 

ISl  1,|5 

17,0 

• 17,9 

11  0,00 

18,0 

• 18,9 

12  0,00 

19,0 

• 19,9 

It  0,00 

20,0 

-20,9 

|R 

* 

b 

11 

11  l.RO 

2|  .0 

0,00 

total 

39 

ssl 

)bl 

TT 

58 

11 

b 

1.2* 

tu", 

total 

1000  1000 

9*1 

516 

ISS 

77 

l«  * 

b 

COL, 

AVG, 

0,00*12,67 

12, ST 

n,b§ 

9. 10  10 

,17 

10,50  0,00 

6,50 

11. T* 

*ylR»Gf  110,  HEIGHT  * 1,|S  FT 

*»RI|hCf  OF  110,  hIIOhT  • |,oj  ft  llj 
•T»N0i«n  devifTioh  of  height  ■ i,oo  ft 


»VE»»OE  Hiyl  PERIOD  * III*!  Itc* 
yiRI»HCE  OF  »(yE  Pl»I00  * Jf.io  lie  19* 
IT»H0**0  fliyUTIOR  OF  PERtOp  * S,*T  IlC* 


/09  P0»  ftOV  Ti  «rOr  tt 


RfRJCO 

lie. 

, N|16hT 

irt) 

(IICI) 

euR, 

■ 0- 

lot 

|o| 

i-s 

)-• 

0-5 

5-0 

*•7 

f»8 

tOT.o 

tot  ,• 

AVft.O 

FtO  • .« 

1000 

0.00 

1 tO  • 1 .t 

iCOO 

0,90 

^.9  • 

1000 

0.00 

S*0  • J.o 

f 

II’ 

75 

20 

lO 

I2« 

1000 

wn 

••0  • «.o 

|5 

29 

to 

«• 

770 

5.15 

5.0  • 5.R 

10 

20 

10 

5 

TO 

752 

l.R** 

*•0  • e.R 

19 

to 

10 

10 

5 

10 

54 

05fl 

• ,9b 

r.O  • t|R 

5 

It 

25 

000 

1,55 

*.o  • »,« 

2* 

15 

10 

• 5 

57J 

5.20 

0.0  • 0,0 

522 

0.90 

lO.O  *10.0 

10 

5 

15 

522 

2.05 

ll«0  •M«0 

507 

0,00 

2.0  oU.O 

1 

«« 

5 

5 

55 

507 

2.0T 

1 S.O  •} 1.0 

• «« 

0,00 

,«<0  »1M.« 

iir 

48 

14 

to 

lot 

tao 

5.25 

5.0  -15,0 

toe 

0,00 

0*9  -10,0 

50 

71 

to 

5 

5 

101 

too 

).«’ 

t.O  -IT.O 

to 

0,90 

iB.O  -IB.O 

20 

0,00 

0,C  *10,0 

to 

0,00 

!0,0  *20,0 

10 

10 

20 

to 

4,00 

ll  ,0  « 

0,00 

Ottl. 

10 

Rl5 

U« 

|5I 

jr 

5 

15 

5*17 

to»*L 

1000 

teoo 

000 

570 

210 

5* 

20 

15 

:oL,  Avo, 

0,000 

8,00 

10.10 

10, 05 

10,00  0 

.00 

0,50 

5.05 

10,25 

>vf»t6C  lie.  »<IU**T  • 1.S0  tT  tvfllCl  «tvl  BfUlOO  ■ t«.e)  ltC* 

C'  irfl.  • 1,91  Ft  10  vitimci  Q»  vtvi  B|*IOD  • Mi««  lie  10* 

oivuMON  or  « I, AO  fy  itiSQito  divumon  or  rcNiOo  • iiir  ifCi 

i|iwkTi  eit|imo  r*o**  iei«*Mco*<n  cioitH  «ico*oi  a ^*ciluM  Ino,  %* 

•«vc  fi«6i  lecttce  tT  } K|  ic  of  fort  nucw(»i, 

' CAIRI  «•!  O-ITTIO, 

MautCR  mf  htv«  k««a  ov*r-«««fnR«c«it  cuch  Chat  •tfslflMse  Ikalfftt* 

•ra  «tf  to  201  too  «a4  vooo  tos4  to  Bo  too  obort. 


i«  luR^tRv  roR  ore  r* 


RCR105 

no 

ftlCNT 

(77) 

(OCCII 

Cy«, 

IQ. 

§•)  ft 

2-1 

5*4 

5-5 

5-4 

5*7 

7*2 

«•« 

O«]0 

IftRlI 

tot,* 

707,5 

4tC.* 

0,0  • ,5 

1000 

0.00 

1,0  • 1.5 

1900 

0,90 

2,0  • 2.5 

tree 

• «eo 

5.0  • 5.5 

It 

55 

II 

11 

71 

1000 

2.05 

4,0  • a. 5 

525 

5,0  • 5.5 

12 

11 

10 

525 

Woo 

5,0  -5.5 

12 

11 

II 

>5 

505 

7,0  • 7.5 

If 

12 

It 

24 

50 

• 55 

1.0  • 0,5 

25 

It 

12 

50 

lie 

5.8  • 5,5 

11 

12 

752 

0,0  •10.5 

it 

12 

24 

758 

1 ,0  -t  1.5 

715 

2.0  «t2.5 

it 

12 

55 

59 

725 

5.0  -M.5 

557 

2* 

iO 

05 

05 

24 

11 

170 

557 

5,0  -15.5 

J55 

0,00 

5,0  -15,5 

151 

107 

• 1 

12 

12 

157 

155 

7.0  -17,5 

15 

0.0  -lO.O 

>5 

9,0  -If. 5 

15 

0,0  -lo.o 

it 

24 

15 

15 

1,0  • 

fltit 

51 

205 

iio 

214 

40 

50 

11 

It 

11 

1*12 

y",  T075t 

1000  1000 

552 

557 

157 

|43 

•5 

15 

S5 

|4 

It 

Ok,  4«8, 

0,00511,25 

IS. 51 

14,04 

11,50 

5,75 

5,f« 

0,90 

14,50 

5,50 

U.50 

IS. 17 

iHBtei  118,  ono«T  ■ i.n  rt  *vt*«ci  ravi  »fR(oo  o ts,«*  tee* 

'•*ti»ei  or  i:8«  RCicoT  0 i.)e  rr  to  viR!««ci  or  riv{  rtRieo  • loa*  >ic  so* 

ir«oeA«o  orvjir{o<«  or  **eio«T  o 1,5^  rt  itonoaro  oivutio**  or  rcrioo  ■ r***  scco 
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1760  0BStBV»TI0N8  5U»'“illT  FOB  21  months  Feb  73  Through  Dec  74 


PCfilOO 

aio. 

HPJCHT 

rsT) 

(SECS) 

CU«, 

ROM 

0^1  l»2 

2^3 

3.9 

u«5 

5»6 

6^7 

7.6 

9.  \ 0 

lO-ll 

TOT  ,* 

TOT.i 

&V&.6 

0.0 

• .9 
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California 
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Table  A-bO.  Number  of  analyzed  records  from  I’t . Mugu,  California 
(Cage  No.  4).^ 


\M0 
YR  \ 

JftN 

FEB 

MflR 

APR 

MAY 

JUN 

JUL 

AUO 

SEP 

0CT 

NOV 

DEC 

TOT 
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91 

67 

86 

86 

78 

107 

53 

769 

1974 

lOl 

100 

94 

70 

99 

96 

82 

78 

49 

55 

99 

92 

1015 

* I'rom  1,024-second  records  taken  four  tines  daily.  Results  from  records 
taken  before  January  197.4  have  not  lieen  compensated  for  hydrod>'nan;i  c 
attenuation  due  to  submergence  of  the  gage.  Results  taken  during 
January  197.4  to  becember  19"4  may  have  been  overcompensated  such 
tluit  significant  heights  arc  up  to  20  percent  too  hi ^h  and  uave 
periods  tend  to  be  too  short. 


r 

j I 


3I4 


•« 

c 


Symbol  Yeor 


Maxima,  means,  arui  standard  deviations  of  significant  height  from  Pt  . 'lupu, 
(,'alifornia  ((!age  \o.  d).  (.'omputed  from  i ,()J1 -second  digital  wave  records  take 
four  times  daily.  Results  may  have  been  overcompensated  such  that  significant 
heiglits  arc  up  to  20  percent  too  high. 


PERCENT  GRERTER  THRN  INDICRTED 


NOTH : 

+ = computed  from  1,024-second  digital  wave  records  taken  four 

times  daily;  results  may  have  been  ovcrcompensated  such 
that  significant  heights  are  up  to  20  percent  too  high. 

Figure  A-95.  Annual  cumulative  significant  height  distributions 
from  Pt.  Mugu,  California  (Cage  No.  4). 
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Figure  A-97.  Seasonal  summaries  of  cumulative  significant  height 

distributions  from  Pt.  Mugu,  Califomi;i  (Gage  No.  41. 
Computed  from  1 ,024-sccond  digital  wave  records  taken 
four  times  daily.  Results  may  have  been  ovcrcompcns.ated 
such  that  significant  heights  arc  u[)  to  20  percent  too 
j high. 

t 

I . 


HEIGHT  SCPLE  IN  FEET 


lablo  A-(il.  Wave  i.'liiiiaft'  for  I't . Mui'.u  , (ai  1 i f'orn  i a . 

|i  i s t r i but  i on  of  s i I’.n  i fi  cant  hcii'ht  vci'sus  period 
(in  observations  per  I.OOO  observations). 
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Figure  A- 100. 


■•\nnual  cumulative  significant  height  distribution 
from  Venice,  California.  Determined  from  7-minute 
pen  and  ink  records  taken  si.x  times  daily.  Wave 
heights  may  be  low  due  to  old  gage  design  and 
maintenance  difficulties. 
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I'igiire  A-102.  Seasonal  summaries  of  cumulative  significant  height 
distributions  from  Venice,  California.  Determined 
from  7-minute  pen  and  ink  records  taken  six  times 
daily.  Wave  heiglits  may  be  low  due  to  old  gage 
design  and  maintenance  difficulties. 
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T.O 

- T.9 

5.1 

8 

8 

52 

65T 

2. CO 

5,0 

6 8.9 

IT 

6 

IT 

8 

52 

605 

2,63 

9.0 

- 9,9 

e 

IT 

IT 

8 

52 

85i 

3,00 

10,0 

•10.9 

25 

25 

lu 

8 

65 

802 

2.TT 

\ 1.0 

• 11,9 

50 

8 

8 

IT 

IT 

103 

TOT 

2,62 

12.0 

•12.9 

56 

50 

25 

IT 

8 

16U 

603 

2.66 

li.O 

-15,9 

106 

50 

166 

(J60 

1.82 

1<«.0 

•16,9 

62 

ll« 

8 

8 

250 

2T6 

2.26 

15,0 

-15.9 

26 

,00 

16,0 

-16.9 

8 

IT 

26 

26 

2, IT 

TOTAL 

25 

UU5 

316 

106 

6T 

3U 

2.35 

CUN, 

total 

1000 

6T5 

526 

210 

101 

36 

COl. 

AVG, 

.00*11 

.00 

13.13 

10.35  11 

.3?  12 

.50 

12, OT 

»VtR*GE  Sts,  HEIOMT  • i.Ji  »T  4VE9A6E  RAVE  PE«IOO  i U.OT  SEC6 

VA«lAXCe  Or  SIG,  HEIGHT  ■ 1.20  AT  SO  VlPlAXCE  OA  HAVE  PE6I00  • 6, >6  IIC  ISA 

ST»noa»D  OfVIATIOX  Or  HEIGHT  1 1,10  AT  8T»XDaP0  DEV1»TI0N  OA  Pt»I0D  • 2,52  tlC» 

■lIUtTS  0BT»IXE0  A»0«  T.hINUTI  PEN  AXD  IX«  BtC0»DS  TAK£X  KITH  t STEP  PtSlSTAXCE 
have  gage  located  at  VENICE  AIShing  PIEP 

6 CAL“S  ARE  0«ITTED, 


WavR  heights  nay  be  low  due  to  old  gage  design  and  nalntenance  dlff Icultlea. 


155  OBSEPVATIONS  SUHHtRV  ADR  AES  66 


PERIOD 

(.ECU 

height  (PT) 

CUH, 

RC- 

0*1 

1*2 

2*3 

\mti  6*5 

TOT,* 

TOT,* 

AvG, 

.0  . 1.9 

1000 

,00 

2,0  • 2.6 

1000 

.00 

2.5  • 2,9 

1000 

,00 

5,0  » 3,6 

7 

7 

1000 

1.50 

3.5  • i,9 

7 

22 

SO 

66i 

1.E5 

6,0  • 6,9 

2? 

22 

663 

1.50 

5,0  • 5,9 

52 

52 

64  1 

1,50 

6,0  • 6,9 

52 

30 

81 

886 

1 ,8N 

T.O  - T,9 

111 

uu 

156 

607 

1 ,t9 

S.O  • 8,9 

7 

52 

37 

7 

106 

652 

1.93 

9,0  • 9,9 

15 

52 

22 

86 

54  8 

1.58 

10,0  -10,9 

7 

15 

UM 

r 

76 

456 

2,80 

11,0  -11,9 

22 

15 

7 

64 

les 

i.lA 

12,0  -12,9 

T« 

7 

7 

86 

341 

1.A5 

15.0  -15,9 

22 

22 

15  7 

67 

252 

2,61 

1«.0  -16,9 

66 

30 

22  T 

156 

165 

E.IE 

15,0  -15,9 

30 

,00 

16,0  -16,9 

50 

SO 

SO 

1.50 

TOTAL 

37 

630 

252 

67  15 

1,89 

CuH,  total 

1000 

663 

333 

81  15 

COl,  avg. 

8.55* 

6,72 

6,67 

12.61  U.OO 

6,66 

average  SIG,  height  a ),gR  aT  AVERAGE  HAVE  PERIOD  a r.rq  SECR 

variance  OA  SIG.  HEIGHT  a ,55  AT  SO  VARIANCE  Or  have  PERIOD  a 11,56  SEC  SOa 

standard  deviation  OA  height  a ,T5  AT  STANDaRO  DEVIATION  OA  PERIOD  • 5,5T  ItC* 
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im  I0><»  »u»«*oy  ro»  mib  b» 


pjaion 

(»FCS) 


0«1 

1-2 

2*5 

• 0 

- 1 ,0 

77 

- ?,u 

• 

'•0 

• \,u 

m \,9 

7 

a.O 

n U, 9 

lu 

T 

^>.0 

• 

t<2 

U 

6*0 

• 6 * ^ 

21 

26 

T.O 

- 7 ,Q 

7 

56 

7 

0,0 

p*  0,Q 

21 

35 

7 

«.o 

• <9,9 

7 

55 

10,0 

• 1 r* , 9 

26 

65 

1 1 .0 

•U  .0 

\u 

56 

I^.C 

-12.9 

7 

70 

35 

11,0 

-U.9 

U 

105 

70 

14.0 

-l«.9 

21 

56 

b2 

I'j.o 

•15,9 

16*0 

-10.9 

7 

TOTAL 

22« 

566 

162 

CUH, 

TOTAL 

1000 

776 

210 

COL. 

AVG, 

10. 79*10 

.52 

12.15 

nrlSMT  (PT) 


Cu**, 

90- 

!•« 

<*•5 

TOT,* 

tot,* 

AvG, 

1000 

,00 

1000 

,00 

1000 

,00 

looo 

,00 

6 

1000 

1,50 

23 

99? 

1,63 

7 

60 

970 

1 ,9« 

7 

61 

902 

1.5T 

T 

T 

91 

641 

1 ,92 

66 

750 

1,26 

95 

662 

WS3 

96 

6l6 

1,19 

76 

536 

1,30 

J2J 

462 

1,75 

205 

341 

1,80 

129 

156 

1.66 

6 

,OC 

6 

6 

.50 

21 

7 

1.52 

26 

7 

6,50 

7,50 

10, T7 

*VE»»Gt  8lG,  height  • ET  lvCR46f  H4TC  H^tOO  m |0,?T  SfC» 

V*0I»HCE  0»  SIC.  height  • ,5S  FT  SS  V»Bl»SCI  OP  H»V|  »|BIOO  • ».*«  *tC  SO* 

STiNOiHD  DevuTioh  Oe  height  • ,7u  FT  BT4ND»»D  OtVI»TlON  OP  PE»IOO  • >tlO  itC* 

BtSULTS  OBTeISED  phO“  t, minute  PEN  enO  In«  reCOPOS  TEPen  "ITh  e STEP  PtSlITPNCE 
"EVE  GEGE  lOCeTeO  ET  VENICE  EIShInG  Plt» 
p CEI.MS  EBE  OHiTTtO, 


ITS  OBSFBVeTIONS 


Summery  po»  eRR  tb 


PEPIOO  mEIOmt  (PT) 

(SECS) 


0«1 

1*2 

2*3 

3«4 

.0 

- 1,9 

2.0 

• 2,4 

2,5 

• 2,9 

3,0 

- 5,4 

5,5 

- 3,9 

29 

4,0 

• U g 9 

17 

1 1 

5,0 

• 5,9 

34 

34 

6,0 

• 6,9 

6 

29 

6 

7,0 

• 7,9 

6 

34 

46 

6,0 

• 6,9 

17 

9,0 

• 9,9 

34 

6 

10,0 

•10,9 

34 

11 

1 1,0 

•11,9 

1 7 

12,0 

•12,9 

6 

63 

23 

13,0 

-13,9 

6 

1J4 

) 1 

14,0 

•14,9 

29 

169 

109 

6 

15,0 

•IS.R 

1 1 

6 

16,0 

• IP.R 

34 

1 7 

6 

TOTAL 

51 

657 

260 

1 1 

CU-, 

total 

1 000 

9ti9 

291 

1 1 

COL. 

AyG, 

12. 50*11 

.64 

11.36 

15,50 

EVEPeGE  SIG,  "HOMT  ■ |,Y%  pT 

VERlENCt  OP  SlO,  height  r ,Jl  PT  SO 
STendeRO  OEVIeTION  op  height  • PT 


CU-, 

«C* 

TOTi* 

TOT,* 

AVG, 

1000 

,09 

1000 

,00 

1000 

,00 

1000 

,00 

29 

1000 

1,50 

29 

971 

1,90 

69 

943 

2,00 

40 

67u 

1 .50 

86 

834 

1,97 

17 

749 

1.50 

40 

731 

1.64 

46 

691 

1.75 

17 

646 

1.50 

91 

629 

1,69 

1 31 

537 

1,54 

331 

406 

1,78 

17 

74 

1.63 

87 

87 

2,00 

1,78 

11.65 

EVPREGt  MEVE  Pt«IOO  p tl.ES  SECP 

verience  op  MEve  pcRroo  • Ut*e  sec  sop 
STendeRD  OEVIeTION  op  period  • J«*P  »IC« 


Wave  helghtp  nay  be  low  due  to  old  gage  deelgn  and  ulntenance  dif f Icult lea , 
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Insufficient  ilata  for  Ma\'. 

i»«  oese*v>TiON«  auxMtiiy  roo  tt 

fllioo  HdSMT  (M) 

(ICO) 

CUM,  MOM 


0«l 

1*2 

2«1 

TOT.* 

TOT,* 

PvG, 

• 0 

- l.R 

1000 

,00 

2,0 

- f.o 

1000 

,00 

2.5 

- 2.9 

1000 

,00 

1.9 

. l.a 

1000 

,00 

J.5 

• l.R 

6 

1 

1000 

1,10 

«.o 

- 9.9 

6 

2ti 

SO 

99u 

1,10 

5,0 

- 8,9 

6 

55 

11 

963 

1.90 

6,0 

. 6.9 

12 

73 

Bb 

902 

1 ,1b 

T.O 

• 7,9 

30 

67 

96 

617 

1.19 

a,o 

. P.9 

Id 

30 

99 

720 

1.12 

«.o 

. 9,9 

37 

17 

671 

1.10 

10.0 

alO.9 

b 

12 

IS 

6ia 

I. IT 

1 1 .0 

-11.9 

\^ 

2u 

17 

616 

1.17 

12,0 

• 12.9 

b 

16 

29 

579 

1.21 

1 i.o 

-1  J.9 

6 

96 

12 

111 

555 

1.11 

1<^.0 

•19,9 

1» 

256 

37 

111 

ttl9 

1.11 

15,0 

•18.9 

116 

.00 

16,0 

•16.9 

12 

65 

30 

12» 

126 

1.19 

TOTAL 

I3a 

767 

79 

1.91 

CUM, 

TOTPL 

1000 

666 

79 

COL. 

PVG. 

I0#0^*ll 

.56 

15.12 

11,11 

• vcmst  SIC,  HEiOMT  ■ i.uii  »T  ivciice  tuvc  pmioo  ■ n.is  icc* 

VtRItMCC  OP  116,  height  ■ ,21  PT  IQ  vtRMNCC  OP  HIVE  PCRIOO  ■ IP. 12  ICC  IB* 

ITtNCiPO  OFvIITIOH  op  HflOHT  ■ ,ut  PT  STlNDlPO  DtyllTlON  CP  PCPIOD  ■ S,«l  1261 


171  OMEPVjTIOM  JUh'hirt  pop  JUt  II 

PERIOD  HEIGHT  (PT) 

(SCO) 

CUM,  RO» 


0*1 

1*2 

TOT,* 

TOT,* 

PVG, a 

,0 

• 1.9 

51 

1000 

,00 

2,0 

• 2,9 

1000 

.00 

2.5 

• 2,9 

1000 

,00 

1.0 

- 1.9 

6 

6 

1000 

,10 

1.1 

• 1.9 

6 

1 1 

16 

994 

1.17 

9.0 

• 9,9 

6 

3a 

42 

97h 

1.31 

5.0 

• 1.9 

62 

?e 

96 

934 

.61 

1,0 

. 6.9 

uo 

40 

64 

636 

1.00 

7.0 

• 7,9 

3u 

?e 

66 

754 

.91 

0.0 

• 8,9 

17 

16 

669 

.10 

9,0 

- 9.9 

23 

1 1 

36 

671 

.el 

10,0 

•10,9 

6 

23 

30 

635 

1.30 

11,0 

-11,9 

6 

6 

605 

.10 

12,0 

• 12.9 

1 1 

1 1 

24 

599 

1.00 

13,0 

•13.9 

45 

45 

96 

575 

1.00 

|9,0 

•19,9 

65 

250 

353 

479 

1.21 

11. 0 

•11.9 

6 

34 

42 

126 

1.11 

II. 0 

•16.9 

6 

74 

64 

• 4 

1.91 

TOTPU 

U09 

591 

1.09 

CUH, 

totpl 

1000 

591 

COL, 

PVG, 

10,01*12 

.35 

11,47 

iVERpGt  Sir,,  HEIGHT  • 1,07  PT  tVCRPGC  HIVE  PERIOD  ■ ll,a?  SEC* 

viRIiPCC  Op  816,  HEIGHT  • ,2il  PT  10  viRItNCC  UP  H|VE  PERIOO  • II. U I2C  101 

STmciRS  OfVllTIOR  OP  height  » ,«9  PT  ITlN0l»O  OfVIlTION  OP  PERIOO  » R.IC  tlC* 

RUULTS  OBTpIHED  PROh  t-hIHUTE  per  pro  ink  record!  TIKEN  kith  t ITfP  RCIIITINCI 
HIVE  GIGE  LOCpTeo  PT  VENICE  PISHING  PIER 
• CPLHS  PRF  0“ITTED, 


Wave  helgtita  may  be  low  due  to  old  gage  dealgn  end  maintenance  dlfflcultiea. 


leu  08$e*vtTioM9 


JUXXIXV  F0»  tus  6k 


MtlShT  (FT) 


0-1 

1«2 

TOT,* 

TOT  ,• 

avg. 

sO 

- 1.9 

201 

1000 

,co 

2.0 

• 2.** 

lOOo 

,00 

2.S 

• 2.9 

1000 

,00 

J.o 

• l.u 

lb 

20 

1000 

.•>0 

• 5,9 

U 

20 

98o 

.so 

U t 0 

* «^,9 

1 1 

2^ 

9i 

959 

i.it 

‘>.0 

p S,9 

lb 

1 1 

39 

9ia 

,»0 

6,0 

• 6,9 

lb 

S 

27 

68u 

,TS 

7.0 

P 7,9 

S 

5 

19 

857 

1.00 

B,0 

• 4,9 

5 

7 

,50 

9,0 

- 9,9 

817 

,00 

10,0 

•10,9 

1 b 

20 

817 

.50 

11,0 

•11.9 

33 

91 

81b 

.50 

12.0 

•12.9 

59 

1 1 

82 

77b 

,6T 

n.o 

•13,9 

71 

1 1 

102 

69u 

.65 

iM.n 

• J «,9 

190 

101 

367 

592 

.85 

15,0 

•15,9 

5 

T 

22ti 

.50 

16,0 

•16,9 

60 

1 1 u 

218 

2ia 

1.16 

TOTAL 

717 

243 

.TS 

cu»», 

total 

1000 

2S3 

COL, 

A'vG, 

I2.50*ll 

.79 

12.9b 

»V(B»GE  Sic.  HtlSHT  • .?»  FT 

V*XU«iCE  OF  SIS,  xtlOxT  • FT  SO 

• T»S0»»0  0EVI4TI0X  OF  MdSMT  6 ,uS  FT 


IVEFIFSE  MtVE  PEXIOO  I I?, *6  kCOF 
viBI»NCe  OP  F»vt  PERIOD  6 l«.05  *tc  S9» 

STAH04R0  deviation  of  period  ■ l.Tb  ME* 


1T6  observations 


SUNMABT  for  SEP  66 
MEI5HT  (FT) 


0-1 

1*2 

TOT,* 

TOT  ,s 

AVC, 

.0 

• 1 .R 

213 

lODO 

,00 

2.0 

- 2.R 

1060 

,00 

2,5 

- a.R 

1000 

,00 

3.0 

. 3.R 

1 1 

6 

a 

JDOO 

,61 

3,5 

• 5.R 

6 

6 

19 

RTe 

l.OO 

9.0 

- R.R 

U 

99 

R65 

.50 

5.0 

♦ S.R 

108 

191 

Rl  R 

.50 

6,0 

- b,« 

125 

90 

219 

TTB 

.TU 

7,0 

* T,9 

91 

97 

193 

565 

1.15 

8,0 

• S.R 

6 

b 

19 

5T0 

1.00 

9,0 

• R.R 

55b 

,00 

10,0 

• )0,R 

55b 

,00 

1 1,0 

-11  ,R 

1 1 

15 

J5b 

,50 

12,0 

-)?,» 

b 

7 

3ui 

.50 

1 3,0 

-15. « 

IT 

b 

10 

555 

.T? 

1«,0 

-lU.R 

119 

IT 

170 

SOli 

,61 

19,0 

•15. R 

1 1 

15 

155 

.50 

16,0 

•16, R 

95 

90 

111 

UR 

.RT 

1 7,0 

•IT.R 

T 

,00 

18,0 

• IS.R 

6 

7 

7 

1.50 

total 

770 

222 

.72 

CJ>*, 

total 

1000 

222 

COL, 

AVC, 

9,2t* 

9,75 

9,90 

average  SIC,  “EICmT  f ,7i  FT 
variance  Of  SIG,  -tIOxT  P ,1T  FT  SO 
standard  deviation  of  height  • ,UE  FT 


average  have  period  f r.fo  sec* 

VARIANCE  OF  have  period  • IS, ST  SEC  SOf 
standard  deviation  of  period  • S.SR  SEC* 


results  oStaInEO  FROh  ThhInuTE  pen  And  InF  records  taken  hITh  a step  resistance 
have  gage  located  at  VENICE  FISHING  PIE" 

• Cal“S  are  OhITTED, 

Wfvf  )ielghCF  mpy  be  low  due  to  old  BAge  design  end  BFintensnce  difficulties. 
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InsutTiciont  data  foi-  October. 


lee  os8f "v»T lONi  ron  >jov  ** 


PfRIOD 

Hi  ICmI 

' (FT) 

(8fC3) 

CUM, 

*0. 

0«1 

1*2 

^OT,* 

TOT,e 

avg.r 

.0  • 1 .<» 

UOO 

1000 

,00 

^•0  •*  a.a 

1000 

,00 

a.s  - 

1000 

,00 

1.0  •«  3,a 

1 7 

6 

57 

1000 

,TS 

3.5  ^ 3,*? 

17 

26 

665 

.GO 

u • 0 • b , Q 

33 

56 

655 

.GO 

5,0  •• 

61 

102 

aao 

.GO 

6,0  • 6,6 

I9u 

1 7 

352 

778 

.58 

7,0  •»  7,6 

17^ 

535 

U26 

.SR 

S,0  « A, 9 

33 

17 

63 

63 

.61 

6,0  « 6,9 

t 

6 

6 

.50 

total 

653 

67 

.»T 

CUM,  TOTAL 

1000 

67 

COL,  AVft, 

6,55* 

7,15 

6.62 

iVfUiOt  SIG,  MtlOHT  • ft  jVfRFGf  «*Vt  P{»100  • 6.6?  SEC* 

VJRUNCE  OP  SIG,  "LIGHT  • .06  FT  SO  V*RI»NCt  OF  »»Vt  FCRIOD  • l.*6  SEC  SO* 

ST*"o»Rd  OrVIiTION  OF  "EIGHT  • .?s  FT  8T4N0*"D  D£VI»T]ON  OF  RERIOD  • li?S  StC* 

results  ORt*ITEO  FrO"  T.“I"uTt  RE"  »"0  t"K  RECORDS  T»KE"  "!?H  t STE*  Rf8I8T»NCt 
•FVE  G»Gf  located  »T  VE"ICC  FISHIEiG  PIE" 

• C»L"8  ARE  O"lTTC0, 


ITl  ORSIRVaTIORS  aUHHART  FOR  DEC  SR 


Pt6I00 

MtlOMT  (FT) 

(SECS) 

CUM, 

ROh 

0-J 

)•? 

2*1 

707,* 

TOT,* 

AVG, 

,0^1,6 

116 

1000 

,00 

2,0  - ?,u 

1000 

• 00 

2.5  • 2,6 

1000 

,00 

3,0  • 3,6 

61 

1 0 

6 

6U 

1000 

,95 

3,5  • 3.6 

53 

1 0 

103 

606 

.75 

6,0  « 6.9 

50 

55 

137 

803 

,88 

5,0  • 5,6 

6u 

12 

156 

667 

• 6! 

6,0  • 6,6 

16« 

12 

256 

513 

• 57 

7,0  • 7,6 

125 

25 

216 

256 

,66 

8,0  • 8,6 

12 

12 

16 

63 

1,00 

6,0  • 6,6 

6 

6 

6 

,50 

TOTAL 

665 

126 

6 

.66 

CUM,  total 

1000 

135 

6 

COL,  4VC, 

5, 91* 

9,«1 

1.25 

5.76 

average  SIG.  "EIGHT  ■ ,6R  FT  AVERAGE  "AVt  PERIOD  ■ 5.TR  SEC* 

variance  Of  SIC,  "LIGHT  • ,1J  FT  SO  VARIANCE  OF  "AVE  °t»IOO  • *.*0  SEC  SO* 

standard  deviation  of  mEiOhT  * ,36  AT  STANDARD  DEVIATION  OF  PERIOD  • I.SS  SEC* 

W«T«  helf^hts  may  be  lov  due  to  old  gage  design  end  maintenance  difficulties. 


lbl\  0R9C«ViT IONS 


lUHHtRT  rO»  10  MONTHS  JAN  66  THROl'GU  DEC  66 


PfBIOD  MII8HT  (FT) 

(SCC9) 

cu«,  N0» 


0*1 

2*1 

S*6 

TOT  ,• 

TOT,* 

AwG, 

• 0 

- 1,R 

lUO 

1000 

,U0 

• 2.R 

1000 

• 00 

. •l.b 

1000 

• 00 

^.0 

H l,U 

10 

u 

1 

1 6 

lono 

,6S 

5.S 

• J.R 

1 1 

10 

2u 
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IViBiGE  aie,  height  • 1,21  ft  AVERASI  nave  PLRIOO  • U.U9  9ECA 

variance  Of  SIO,  height  ■ ,69  FT  gg  VARIANCE  OF  nave  PERIOD  ■ IPilO  9EC  I9p 

9TANDAliD  PEVIaTION  OF  HEIGHT  P ,90  FT  9TAN0aH0  DEVIATION  OF  PERIOD  • «i01  IIC« 

RUULT9  obtained  PROh  ThHINUTI  PEN  AND  INF  REC0RD9  TAKEN  NITH  A STEP  RE9IITANCC 
HAVE  CAGE  located  at  VENICE  FI9HINC  PIER 
• CALH9  are  OhiTTEO, 

WaTc  heights  uy  be  Ion  due  to  old  gege  design  and  ulntenence  dlf  f Icultle*  • 


Maxima,  means,  and  standard  deviations  of  significant  height  from  Hunt n 
Beach,  (California. 


(S)  P0U9d  9''D/V\ 
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HEIGHT  SCRLE  IN  METERS 


NOTE: 

♦ * computed  from  1,024-second  digital  wave  records 

taken  four  times  daily. 

* * determined  by  an  old  analysis  method  from  7-minute 

pen  and  ink  records  taken  six  times  daily  and  compen- 
sated to  compare  with  results  from  recent  analysis 
methods  (see  Tables  A-68  and  A-69);  wave  heights  may 
be  low  due  to  old  gage  design  and  maintenance  difficulties. 

Unmarked  * determined  from  7-minute  pen  and  ink  records  taken  six  times 
daily;  wave  heights  may  be  low  due  to  old  gage  design  and 
maintenance  difficulties. 


I'igurc  A- 105.  Annual  cumulative  significant  hciglit 
distributions  from  Huntington  Beach, 
Ca 1 i forni a. 
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A-f'".  !\.'ive  rliiiuto  for  lliuit  i uj’t  on  IU';ich,  l.';i  ] i fo.'-n  i .-i . 

I'i  St  !'i  hut  i->n  ol'  siitnifieant  lici.uht  vc-i'siis  period 
(ill  observations  per  ohsei-vat  i ons  ) . 
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standard  DFvIaIICN  0'  neIGRT  • t,u7  FT  STANDARD  deviation  OF  PFRIOn  • 5, OR  StC» 
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Table  A-68.  (,'ompar i son  of  results  from  different  pen  and  ink  wave 
record  analysis  methods,  Huntington  Beach,  California. 


Dates  of 

Significant 

heights  ^ 

S igni f i cant 

j)e  ri  ods2 

d.ata  sample 

Correlation 

A 

B 

Correlation 

C 

D 

reanalyzed  by  1 

between 

between 

Cl'RC  metliod 

he i ghts 

(ft) 

periods 

(s) 

• Jul> 

1950 

0.93 

0.02 

0 . 89 

0.69 

3.00 

0.70 

Mar. 

1951 

0.77 

0.25 

0.82 

0.56 

3.  78 

0.61 

.Jan. 

1958 

0.81 

0.09 

0.65 

0.50 

2.  12 

0.75 

Feb . 

1960 

0.89 

0.07 

0.81 

0.54 

2.34 

0.81 

.Nov. 

to  Dec.  1962 

0.85 

0.54 

0.64 

0.64 

5.0  3 

0.59 

^Significant  height  from  the  CERC  method 
= A + B X (significant  height  from  old  method) . 

2S  ignificant  period  from  the  CERC  method 
= C + D X (significant  period  from  old  method). 


Table  A-69.  Regression  equations  used  to 
compensate  significant  height 
statistics  for  Huntington 
Beacli , California. 


Year 

Compensation  equations  (ft) 

1949  to  1950 

'‘’^NEW  = 0.02  + 0.89  \{q^^ 

1951  to  1953 

'Vi/EfV  = 0-25  + 0.82 

1954  to  1958 

•tek'  = 0.09  + 0.65  \^0LD 

1959  to  1960 

‘‘WCT/  = 0.07  + 0.81  Wqj^^ 

1961  to  1963 

= 0.54  + 0.64  Hq^j, 

1964  to  1974 

No  compensation 

NOTE : 


~ estimate  of  significant  height 
that  would  have  been  obtained  by 
the  CERC  method  of  pen  and  ink 
record  analysis. 

\\qLD  ~ significant  height  obtained  by 

old  method  of  pen  and  ink  record 
analysi s . 
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HUNTINGTON  BEACH,  CALIFORNIA 


Figure  A-108.  Time  history  of  significant  wa\-o  heights  and  periods,  April 


NGTON  BERCH,  CRLIFOR 


DRYS  OF  THE  MONTH 


HUNTINGTON  BEfiCH , CRLIFORNIR 


4 


DAYS  OF  THE  MONTH 

Figure  A-110.  lime  histor>’  of  significant  wave  heiglits  and  periods,  dune  1972. 


NGTON  BEACH 


DAYS  OF  THE  MONTH 


Figure  A- 112. 


Monthly  cumulative  .significant  lieight  di  strihution 
from  Huntington  Beach,  California. 


HEIGHT  SCALE  IN  FEET 


NOTH; 

+ = computed  from  1 , 024-second  digital  wave  records  taken 

four  times  daily. 

Unmarked  = determined  from  7-minute  pen  and  ink  records  taken  six 
times  daily;  wave  heights  may  be  low  due  to  old  gage 
design  and  maintenance  difficulties. 


figure  A-112.  Monthly  cumulative  significant  height  distributions 
from  Huntington  Beach,  Cal i forni a . --font i nued 
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AI'I’CNDIX  » 


i’KO(:i:i)i)K!;  I'ou  analysis  oi'  wavi'  data  irom  ?-MiNinT.  i‘i;n  and  ink  ri-cords 

(RASL.D  ON  a RAYLl  lCII  DISTRIBUTION  LOR  WAVL:  IIHIQIT) 

1.  Run  tiu.'  period  template  (Tig.  B-I)  alotig  the  7-minute  record  until  a 
groiqi  of  faii-ly  uniform  waves  is  found  which  should  contain  some  of  tl>e 
highest  waves.  A template  can  he  fabricated  on  a clear  overlay  such  as 
acetate. 

2.  Determine  the  appropriate  period  of  the  waves  selected  in  step  1 by 
using  tiie  template  according  to  instructions.  Wlien  the  wave  period  on 
the  chart  falls  between  two  of  the  periods  shown  on  the  template,  the 
analyzer  may  approximate  what  is  considered  to  bo  nearest  to  the  exact 
period;  e.g.,  if  the  period  is  about  the  same  amount  longer  than  the 
5-second  period,  then  it  is  shorter  than  the  6-second  period,  the  period 
must  be  about  5.5  seconds. 

5.  Use  the  table  below  to  determine  which  wave  should  be  measured  in  the 
full  7-minute  record  to  get  the  approximate  significant  height  of  the 
waves.  The  wave  number  is  determined  by  calling  the  highest  wave  in  the 
full  7-r,unute  record  as  wave  number  1;  the  second  highest  wave  is  number 
2,  etc.  Wave  height  is  defined  as  the  difference  in  elevation  between  a 
wave  crest  and  the  preceding  trough. 


Wave  period  (seconds) 

Number  of  wave  to  measure 

3.0 

19 

3.5 

16 

4.0 

14 

4.5 

13 

5.0 

11 

5.5 

10 

6.0 

9 

7.0 

8 

8.0 

7 

9.0 

6 

10.0 

6 

11.0 

5 

12.0 

5 

13.0 

4 

14.0 

4 

15.0 

4 

16.0 

4 

4.  Determine  the  height  of  the  wave  given  by  step  3,  in  terms  of  small 
divisions  on  the  chart  paper. 


5.  Using  the  appropriate  relationship  between  chart  paper  divisions  and 
actual  elevations  in  feet,  convert  the  wave  height  determined  in  step  4 
from  chart  divisions  to  feet,  bstimate  to  the  nearest  tenth  of  a foot. 


6.  Tabulate  the  data  on  CE';RC  Form  118-72  (Fig.  B-2)  or  an  equivalent. 
Ihe  form  has  five  columns  containing  the  following  data:  (a)  The  month, 

day,  and  year  is  indicated  under  "Date";  (b)  the  beginning  time  of  the 
wave  record  'iuch  as  0400  is  indicated  under  "Time  of  Start";  (c)  the 
significant  wave  period  in  seconds  is  listed  under  "Period";  (d)  the 
significant  wave  lieight  in  feet  is  listed  under  "Height";  and  (e)  the 
"Peak"  column  which  can  be  used  for  maximum  wave  height  when  desired. 


